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GENERAL SUMMARY
Although several  na t iona l  surveys have e s ta b l is h ed  the e x t e n t  
of  m o r t a l i t y  in young c a lv e s ,  much less  in fo rm at ion  is a v a i l a b l e  on the  
prec ise  cause o f  deaths and, more im p o r ta n t ly ,  very l i t t l e  work has been 
done in an a ttempt  to  assess the economic loss and “ s et -backs"  in 
development programmes t h a t  r e s u l t  from n o n - f a t a l  d isease problems.
Without  doubt,  neonatal  d ia rrhoea  and c a l f  r e s p i r a t o r y  disease  
are  the most important problems in in te n s iv e  c a l f  r e a r in g  es tab l ishm ents .  
While  a l o t  o f  c l i n i c a l  and la b o ra to ry  in v e s t ig a t io n s  have been c a r r i e d  
out in to  var ious  aspects o f  c a l f  d ia r rh o e a ,  the r e l a t i v e  importance of  
pathogens in the wider  context o f  c a l f  d ia r rh o e a ,  is as y e t  undefined.  
Nonetheless ,  th e re  is as yet  no evidence to  disprove e a r l i e r  f in d in g s  on 
the p r o t e c t i v e  r o le  o f  p a s s iv e ly -a c q u i re d  ( c o l o s t r a l )  immune g lo b u l in s  in 
neonatal  d ia r rh o ea .
Compared w i th  c a l f  d ia r rh o e a ,  much less in form at ion  is a v a i l a b l e  
on r e s p i r a t o r y  diseases o f  indoor calves  and, sadly  too ,  th e re  is a l a c k  
o f  general  agreement as to  nomenclature and c l a s s i f i c a t i o n .  While  many 
workers have,  probably in d e s p a i r ,  come to  regard the  problem as being o f
complex or m u l t i f a c t o r i a l  a e t io l o g y ,  a few others  have at tempted to
separa te  i t  in to  d i s t i n c t  c l i n i c a l  and pa tho log ica l  e n t i t i e s .  W hi le  i t  
is  t r u e  t h a t  the d i f f e r e n t  "forms" o f  d isease do occur dur ing the  course  
o f  an o u tbreak ,  th e re  is no doubt t h a t  th e re  a re  d i s t i n c t  syndromes and 
t h a t  th e re  is need f o r  f u r t h e r  d isease d e f i n i t i o n  as a f i r s t  step towards 
d e t a i l e d  in v e s t ig a t io n s  in to  these s p e c i f i c  r e s p i r a t o r y  syndromes.
The aim o f  t h i s  study was to  d e f i n e ,  as f a r  as f a c i l i t i e s  and
time p e rm i t te d ,  the nature  o f  a pneumonia problem which a lthough not
x i v
causing deaths,  was nonetheless responding less  to  a h i t h e r t o  e f f e c t i v e  
trea tm ent  regime. However, the o p p o r tu n i ty  was taken to  note and 
i n v e s t ig a t e  a l l  disease problems which arose during  the  ab se rv a t io n  
p e r io d ,  the most important o f  which was an outbreak o f  Salmonel1 a dubl in 
I n f e c t  ion.
Apart  from the outbreak o f  s a lm o n e l lo s is ,  no s i g n i f i c a n t  
neonatal  problems were encountered during  the per iod o f  s tudy.  Against  
the acknowledged high m o rb id i ty  and m o r t a l i t y  ra te s  from neonatal  c a l f  
d ia rrho ea  in the west o f  Scot land ,  t h is  f in d in g  was i n i t i a l l y  ra th e r  
s u rp r is in g  but not in l i g h t  o f  the high serum immune g lo b u l in  l e v e ls  
a t t a i n e d  by the calves and the high standard o f  care and hygiene on the  
farm. Another c o n t r ib u t in g  f a c t o r  in the reduct ion  o f  the incidence of  
d iarrho ea  might have been the feeding o f  a c i d i f i e d  m i lk  s u b s t i t u t e  powder. 
Three cases o f  profuse p e r s is t e n t  sweating were recorded on the farm.  
However, the exact cause o f  the sweating was not known. Three o f  f i v e  
calves  which developed enlarged j o i n t s  during  the period o f  study were 
s laughtered  fo r  d e ta i l e d  study.  No p a r t i c u l a r  organisms could be 
in c r im in a te d  in the a r t h r i t i s .
During an outbreak o f  disease due to  S. d u b l i n . 11 o f  calves  
were considered i l l .  Among the o ld e r  (2 -3  months old)  ca lves  no ser ious  
c l i n i c a l  signs were seen, however, the disease was more severe in the  
younger c a lv e s ;  i t  was c h a ra c te r is e d  by du l lness  and tachypnoea in th ree  
Jf-5 weeks o ld  ca lv es ,  and d u l ln e s s ,  weakness, tachypnoea and high fe v e r  
in 1 -2  weeks o ld  c a lves .  Death occurred in a ten days o ld  c a l f  and 
another  two weeks old c a l f  was s laughtered  in e x t r e m is .
The r e s p i r a t o r y  problem f o r  which advice  was sought was found 
t o  be m i ld  to  moderately severe widespread coughing and tachypnoea. The
xv
present ing  sign was coughing.  However, in a d d i t i o n ,  an occasional  c a l f  
became du l l  and py rex ic .  A ty p ic a l  outbreak  which occurred among a 
p a r t i c u l a r  group o f  calves  between November and December 1979 was studied  
in d e t a i l .  On s ero lo g ica l  grounds, r e s p i r a t o r y  sy n c y t ia l  (RS) v i ru s  was 
inc r im in a te d  in s p i t e  o f  the f a c t  t h a t  what is c u r re n t l  y considered to  be 
the  c h a r a c t e r i s t i c  severe c l i n i c a l  and p a tho log ica l  f in d in g s  assoc iated  
w i th  RS v i ru s  outbreaks were not observed.
Understandably ,  doubts must s t i l l  e x i s t  as to  the agent  
responsib le  fo r  the r e s p i r a t o r y  outbreak  and the episode serves to  
emphasise the d i f f i c u l t i e s  fa c in g  those who a re  involved in in v e s t ig a t io n s  
in to  r e s p i r a t o r y  disease o f  indoor c a lv es .  N ev er th e le s s ,  such s tudies  
must continue i f  th is  important problem is ever to  be c o n t r o l l e d  by 
r a t io n a l  means.
GENERAL INTRODUCTION
GENERAL INTRODUCTION
The t o t a l  c a t t l e  popu la t ion  o f  Great  B r i t a i n  a t  any one t ime  
approximates 13 m i l l i o n  (M cIn ty re ,  1 9 7 9 ) .  Recent Government f ig u r e s  
(ADAS, 1980) put the June 1978 t o t a l  as 1 2 ,0 7 6 ,3 3 6  o f  which calves  under 
s i x  months o ld  numbered 1 ,5 7 2 ,5 8 7  or 13 per c e n t .  I t  is  t h i s  l a t t e r  
s ec t io n  o f  the c a t t l e  popu la t ion  t h a t  t h i s  in v e s t i g a t i o n  is concerned 
w i t h .
Since Jordan (1933) and Smith (193*0 repor ted  annual cal fhood  
m o r t a l i t y  o f  22 and 20 per cent r e s p e c t iv e ly  in A y r s h i r e ,  several  
nat io n a l  surveys have been c a r r i e d  out to  determine the e x te n t  and cause 
o f  both p re -  and p o s t -n a ta l  death in calves  (Lovel l  and Bradford H i l l ,  
19**0; W i th e rs ,  1952; Leech, Macrae and Menzies ,  196 8 ) .  L ove l l  and 
Bradford H i l l  (1 9**0) est imated annual losses due to  a bor t ions  and s t i l l ­
b i r t h s  a t  9 .9  per cent in England and Wales and 8.1 per cent in Scot land.  
The same authors concluded th a t  deaths in ca lves  up to  s i x  months o ld  
cla imed a f u r t h e r  f i v e  per cent in  England and Wales and seven per cent  
in Scot land.
Withers  (1952) did not record any a p p re c ia b le  d i f f e r e n c e  in 
prenata l  losses between England and Wales,  and Scot land and gave the  
o v e r a l l  na t iona l  average as 6 . 5  per c e n t .  However more deaths occurred  
in  d a i r y  calves  under s i x  months o ld  in Scot land: m o r t a l i t y  in t h i s  age
group was 2 .2  and 6 .0  per cent fo r  bul l  and h e i f e r  ca lves  r e s p e c t iv e ly  
in  England and Wales compared w i th  6.*t and 11.1 per cent in Scot land.
The p r a c t ic e  o f  d isposing o f  d a i ry  bu l l  ca lves  w i t h i n  a few days o f  
b i r t h  was be l ieved  to  be responsib le  f o r  the a p p a re n t ly  lower m o r t a l i t y  
r a te s  among bul l  calves  (Lovel l  and Bradford H i l l ,  19*^0; W i th e rs ,  1952;  
Leech and o t h e r s ,  196 8 ) .  In f a c t ,  when s t a t i s t i c a l  adjustments  were
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made f o r  t h i s  d iscrepancy ,  m o r t a l i t y  in b u l l s  was g r e a t e r  than among 
h e i f e r  ca lves  (Leech and o th e r s ,  196 8 ) .
Leech and o thers  (1968) gave na t io n a l  m o r t a l i t y  r e s u l t i n g  
from a b o r t io n  and s t i l l - b i r t h s  as 5 . 4  per cent and t h a t  in ca lves  less  
than one year o f  age as 5 .6 7  per c en t .  T h e r e f o r e ,  i t  appears t h a t ,  
w h i le  the  incidence o f  a bor t ions  and s t i l l - b i r t h s  has p r o g re s s iv e ly  
dec l in ed  over the past several  decades,  postnata l  m o r t a l i t y  has 
g e n e r a l l y  remained unchanged.
A general  d e c l in e  in m o r t a l i t y  w i th  age has been noted in a l l  
surveys.  Love l l  and Bradford H i l l  (1940) reported  4 . 2  and 5 .5  per cent  
f o r  h e i f e r  calves  under one and s ix  months r e s p e c t i v e l y .  S i m i l a r l y ,  
W ithers  (1952) recorded 4 .3  and 5 .2  per cent f o r  a l l  ca lves  less  than  
one and s i x  months r e s p e c t i v e l y .  Leech and o thers  (1968) est imated  
th a t  m o r t a l i t y  ra tes  among home-bred calves  under one and s i x  months 
old  were 3.11 and 4 .9 8  per cent r e s p e c t i v e l y .  Studies by Oxender 
and o thers  (1973 ) ,  Speicher and Hepp (1973) and Hartman and others.  (1974)  
in  the Uni ted  Sta tes  o f  America were confined to  the  per iod from b i r t h  
to  weaning a t  two to th re e  months o f  age and the same p a t te r n  o f  
m o r t a l i t y  was recorded as in the B r i t i s h  surveys w i th  most deaths  
occurr ing  during  the  f i r s t  week o f  l i f e .
Alone or  t o g e th e r ,  neonatal  c a l f  d ia rrho ea  and c a l f  r e s p i r a t o r y  
disease a re  the  most common causes o f  ca lfhood losses (W ithers ,  1952;  
Leech,  Macrae and Menzies ,  1968; C u r t i s ,  1 97 0 ) .  Neonatal  c a l f  
d ia rrho ea  (NCD) is the most important problem in the f i r s t  month o f  l i f e  
and, moreover,  calves  t h a t  are  p a r t i c u l a r l y  s e ve re ly  a f f e c t e d  o f t e n  
appear to  be more s u s c e p t ib le  to  pneumonia. On the  o th e r  hand, c a l f  
pneumonia i s ,  in i t s e l f ,  a major disease problem o f  ca lves  from one month 
upwards.
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Various methods have been used in attempts  to  e s t a b l i s h  the  
preva lence  and causes o f  neonatal  c a l f  d ia rrho ea  and c a l f  r e s p i r a t o r y  
d isea se .  One such approach has been t o  examine the r e s u l t s  o f  post  
mortem examinations on c a l f  carcasses submitted to  V e t e r in a r y  
I n v e s t i g a t i o n  Centres (Leech and o t h e r s ,  1968; Hugh-Jones,  1972) ; a 
s i m i l a r  survey was c a r r i e d  out a t  a knackery ( C u r t i s ,  197 0 ) .  Although  
such in v e s t ig a t io n s  have revealed the  r e l a t i v e  incidence o f  var ious  
d is o r d e r s ,  Hugh-Jones (1972) pointed out t h a t  i t  was o f t e n  d i f f i c u l t  t o  
- a r r i v e  a t  a d e f i n i t e  d iagnos is .  Not l e a s t  o f  the problems is the f a c t  
t h a t  few in v e s t ig a t io n s  based on post mortem m a te r ia l  can s a t i s f a c t o r i l y  
e x p la in  the r o le  o f  the var ious  m ic ro b io lo g ic a l  agents which have been 
in c r im in a te d  in c a l f  d ia rrhoea  and pneumonia.
For many y e a rs ,  c e r t a i n  s t r a in s  o f  E. c o l i  were be l ie v e d  to  be 
c h i e f l y  responsib le  f o r  neonatal  c a l f  d ia rrho ea  (Moon, 197*0 .  More 
r e c e n t ly  however, a v a r i e t y  o f  o th e r  micro-organisms, inc lud ing  chlamydia  
and v i r u s e s ,  were i s o la te d  from l i v e  and dead cases o f  NCD and many were 
a ls o  considered to  have a e t i o l o g i c a l  s i g n i f i c a n c e .  U n f o r t u n a t e ly ,  many 
organisms assoc iated  w i t h  NCD occur in both d ia r r h o e i c  and normal c a l f  
populat ions and t h e r e f o r e ,  i t  is be l iev ed  t h a t  on ly  under some 
circumstances w i l l  the in f e c t i o n  be severe enough t o  induce i n t e s t i n a l  
le s io n s  e x ten s ive  enough t o  cause d ia rrho ea  (Mor in,  L a r i v i e r e ,  L a l l i e r ,  
Begin,  Roy and E t h i e r ,  197 8 ) .
S i m i l a r l y ,  a wide v a r i e t y  o f  micro-organisms i s o la te d  from 
calves  w i th  r e s p i r a t o r y  disease have become assoc ia ted  w i th  the  d isease  
and, a t  t im es ,  used to  reproduce pneumonia in g n o t o b io t i c ,  co lostrum-  
depr ived  and conventional  c a lv e s .  The i s o l a t i o n  o f  such organisms from 
a p p a re n t ly  hea l th y  ca lves  which,  a t  t im es ,  a ls o  seroconverted to  the  
organisms w i th o u t  o v e r t  c l i n i c a l  d isea se ,  has a ls o  led  to  u n c e r t a in t y
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as to  the actual  r o l e  o f  these micro-organisms in c a l f  r e s p i r a t o r y  
disease (Thomas, 1973; A l l a n ,  P i r i e  and Selman, 1978; S t o t t ,  Thomas, 
C o l l i n s ,  Hamilton ,  Jebbett  and L u t h e r ,  1978) and, a g a in ,  to  the  
suggestion t h a t  e i t h e r  m u l t i p l e  i n f e c t io n s  or  o th e r  predisposing fa c t o r s  
a r e  necessary (Obi, 1979) .
In order to  study the preva lence  and importance o f  d ia rrhoea  
and r e s p i r a t o r y  disease in calves  on one p a r t i c u l a r  farm and, i f  p o s s ib le ,  
to  de f in e  the a e t io lo g y  o f  what was claimed by the owner to  be a 
pneumonia problem, f requent  (u s u a l ly  weekly) v i s i t s  were made to  the  
c a l f  u n i ts  o f  a 120 cow d a i ry  farm approximate ly  15 m i les  from the  
U n i v e r s i t y  o f  Glasgow V e t e r i n a r y  School. In a d d i t io n  to  moni to r ing  
any disease problems or  in c iden ts  which arose in the ca lves  during  t h e i r  
f i r s t  th ree  months o f  l i f e ,  the o p p o r tu n i ty  was taken to  study the  
management and feeding procedures to  which the ca lves  were s ub jec ted .
CHAPTER 1
NEONATAL DISEASES IN CALVES
SECTION I
NEONATAL DISEASES IN CALVES: A REVIEW OF THE LITERATURE
INTRODUCTION
W hi le  much d e s c r i p t i v e  in fo rm at ion  is a v a i l a b l e  regarding  
the  wide v a r i e t y  o f  d isorders  a f f l i c t i n g  newborn calves  ( f o r  example 
Hungerford,  1967; Gibbons, C a tc o t t  and Smithcors ,  1970; Blood,  
Henderson and R a d o s t i ts ,  1 979 ) ,  r e l a t i v e l y  l i t t l e  e f f o r t  has been made 
to  document t h e i r  exact e x ten t  and t h e i r  f i n a n c ia l  impact. This seems 
l a r g e l y  due to  the la c k  o f  a s a t i s f a c t o r y  na t iona l  r e p o r t in g  network  
and a ls o  the d i f f i c u l t i e s  in assessing such losses r e s u l t i n g  from the  
cost o f  t rea tm ents ,  reduced and/or  re ta rd ed  growth ra te s  and c u l l s .  
S i m i l a r l y ,  marked losses may a r i s e  as the r e s u l t  o f  neonatal  diseases  
r e t a r d in g  the pace of  farm development as losses decrease the number o f  
calves  a v a i l a b l e  f o r  herd replacement.
C a l f  carcasses are  not always submit ted f o r  post mortem 
examinat ion a t  t imes because o f  a d d i t io n a l  costs t h a t  would be in c u r re d .  
In a d d i t i o n  many farmers b e l ie v e  t h a t  a c e r t a i n  le v e l  o f  loss is 
i n e v i t a b l e  and consequently pro fessiona l  advice  is o f t e n  not sought 
u n t i l  a problem gets out o f  hand (Speicher  and Hepp, 1 97 3 ) .
The main type o f  loss t h a t  is e a s i l y  q u a n t i f i e d  is t h a t  
r e s u l t i n g  from deaths.  Hence most surveys on c a l f  losses had been 
based on m o r t a l i t y .  Studies intended to  es t im a te  the  r e l a t i v e  
importance o f  each d is o rd e r  had been c a r r i e d  out dur ing m o r t a l i t y  
surveys (W ithers ,  1952; Leech and o t h e r s ,  1968) and in knacker ies  or  
a b a t t o i r s  ( C u r t i s ,  1970) . .  A notab le  exception  is  the work o f  Thomas, 
Wood and Longland (1978) on losses among c a t t l e  up t o  one year  o ld  in 
a beef progeny t e s t i n g  s t a t i o n .
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EPIDEMIOLOGICAL CONSIDERATIONS
Age Incidence
In B r i t a i n ,  death dur ing the f i r s t  month o f  l i f e  accounted  
f o r  6 2 -8 4  per cent o f  a l l  deaths In ca lves  up t o  s i x  months o ld  
(Table  1 ) .  The h ighest m o r t a l i t y  (29.3-56% o f  annual f ig u r e s )  occurred
dur ing  the  f i r s t  week o f  l i f e  and m o r t a l i t y  then p r o g re ss iv e ly  decreased
w i t h  increas ing  age.
Seasonal incidence
G en e ra l ly  the h ighest m o r t a l i t y  occurred dur ing the  f i r s t  
q u a r te r  o f  the year and de c l ine d  p ro g re ss iv e ly  u n t i l  the  t h i r d  q u a r te r  
(J u ly  t o  September) when the l e a s t  f ig u r e s  were recorded (Table 2 ) .
L o v e l l  and Bradford H i l l  (1940) recorded more deaths dur ing
the  per iod A p r i l  to  June than in October to  December and a ls o
emphasised t h a t  the apparent e f f e c t  o f  w in t e r  on c a l f  m o r t a l i t y  was 
more pronounced in Scotland than in England and Wales.  Withers  (1952)  
recorded the highest losses between February and A p r i l  and remarked 
t h a t  th e r e  was a re g u la r  r i s e  in m o r t a l i t y  in spr ing  which again  was 
more pronounced in Scot land than in England and Wales.  Leech and 
others  (1968) a ls o  found t h a t  the m o r t a l i t y  r a t e  in ca lves  purchased 
dur ing  the w in t e r  was more than tw ice  t h a t  o f  calves  purchased a t  
o th e r  t imes o f  the y e a r .
Regional incidence
I t  has a l re a d y  been mentioned t h a t  L o v e l l  and Bradford H i l l  
(1940) and W ithers  (1952) recorded h igher  m o r t a l i t y  in Scot land than 
In  England and Wales.  However Leech and others  (1968) s ta te d  t h a t  
when due al lowances were made f o r  reg ional  d i f f e r e n c e s  in husbandry
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such as proport ion  o f  home-bred/purchased ca lves  and the  per iod o f  r i s k ,  
what remained is o f  l i t t l e  consequence. Leech and o thers  (1968) 
observed th a t  the average m o r t a l i t y  r a t e  in purchased ca lves  was 160 
per cent o f  t h a t  in home-bred c a lv e s .  Although in the  week f o l lo w in g  
purchase m o r t a l i t y  r a t e  was only  63 per cent o f  m o r t a l i t y  r a t e  o f  home­
bred calves  i t  rose sharp ly  to  about two and a h a l f  t imes the  
corresponding m o r t a l i t y  o f  home-bred ca lves  in the second and t h i r d  
weeks. I t  then remained much h igher  than the m o r t a l i t y  o f  home-bred 
" c a lv e s  u n t i l  about two months o f  age.
Sex and breed incidence
Withers  (1952) recorded h igher  annual m o r t a l i t y  in male than in 
fem ale  c a lves .  Lo v e l l  and Bradford H i l l  (1940) found m o r t a l i t y  in 
males was higher  than in females by 26 per cent dur ing the  f i r s t  week 
o f  l i f e .  However, in subsequent weeks, the  m o r t a l i t y  in females was 
g r e a t e r  than in males.  Love l l  and Bradford H i l l  (1940) and Leech and 
o th e rs  (1968) emphasised t h a t  such d iscrepanc ies  could w e l l  be due to  
the  disposal  o f  calves  f o r  sa le  or  s la u g h t e r ,  a p r a c t i c e  which v a r ie d  
according to breed and sex e s p e c i a l l y  amongst d a i r y  herds.  The l a t t e r  
authors  a ls o  s ta ted  th a t  when al lowances were made f o r  these d i f f e r e n c e s  
the  m o r t a l i t y  in both sexes were very  s i m i l a r .
Leech and others  (1968) est imated  the average annual economic 
loss r e s u l t i n g  from death ,  an index o f  amount o f  the  e f f o r t  put i n to  
c a l f  r e a r i n g ,  a t  two per c en t ;  in beef  breeds,  losses were est im ated  
a t  2 . 4  per c en t .  The index was a ls o  found to  vary  by breed:
F r i e s i a n  and cross-bred ( l .9%) » A y rsh i re  and Guernsey (2 .0% ) ,  Jersey 
(4.5%) and o ther  d a i r y  breeds (1.7%) . The corresponding mortal  i t y  
f ig u r e s  f o r  A y rs h ire  and Guernsey ca lves  were 30 per cent more than
expected amongst d a iry  calves  and the corresponding f ig u r e  fo r  Jersey  
calves  was more than two and a h a l f  times the expected number o f  deaths .
Breed v a r ia t io n  in neonatal c a l f  m o r t a l i t y  ra te s  were a ls o  
recorded by Selman, de la  Fuente, F ish er and McEwan (1971b) but i t  was 
emphasised t h a t ,  f a r  from in d ic a t in g  a basic  breed v a r ia t io n  in  
s u s c e p t i b i l i t y  to  e n te r ic  and o th e r  d iseases , the  d i f fe re n c e s  between 
A y rs h ire  and F r ie s ia n  c a t t l e  very  probably r e f le c t e d  the  d i f f e r e n t  way 
in  which the c a lv in g  cows were managed on the  d i f f e r e n t  farms during  
the survey (see be low ). In most cases, the A y rs h ire  ca lves  had been 
born in byres whereas the  F r ie s ia n  and F r ie s ia n -c ro s s  ca lves  had been 
born in loose-boxes.
Place o f b i r t h
I t  has a lre a d y  been shown th a t  the  season in which c a lv in g  
takes p lace  s tro n g ly  in f lu en ces  the  s u rv iv a l  prospects o f  the  c a l f  
(W ith e rs ,  1952; Leech and o th e rs ,  1 9 6 8 ) .  S i m i l a r l y ,  in most p arts  o f  
B r i t a in  the  season a ls o  d ic ta te s  whether or not c a t t l e  a re  housed.
Leech and others  (1968) recorded lower m o r t a l i t y  in ca lves  born in the  
f i e l d  than among those born in c a lv in g  box, except during  the  months 
o f  January and February when 4 .9  per cent was recorded fo r  f i e l d  
ca lv in g s  w h ile  4 .0  and 7 .5  per cent were recorded fo r  b i r th s  in the  
c a lv in g  box/cow shed and in yard r e s p e c t iv e ly .  Selman and others  
(1971b) emphasised th a t  where a c a l f  was born determined how i t  was 
l i k e l y  to  be managed, and most im p o r ta n t ly ,  fed  colostrum  during  i t s  
f i r s t  few c r i t i c a l  hours o f  l i f e .  During the  summer in  the  west o f  
Scotland most calves a re  born o u t -o f -d o o r s ,  and th e r e fo r e ,  su ck lin g  
is  u s u a l ly  possib le  whereas, a t  le a s t  in the  same a re a ,  under 
t r a d i t i o n a l  methods o f management w in te r -b o rn  d a i ry  ca lves  a re  u s u a l ly  
born in  a byre and subsequently fed  a f ix e d  amount o f  colostrum
(u s u a l ly  two p in ts )  from a bucket. They a re  th e r e fo r e  denied b e n e f i ts  
o f  prolonged grooming and s u c k l in g .  The same authors concluded th a t  
apparent breed d i f fe re n c e s  in d isease s u s c e p t i b i l i t y  and m o r t a l i t y  
might w e ll  simply r e f l e c t  v a r ia t io n s  in e a r ly  c a l f  management a t  le a s t  
in  the  area  s tu d ie d ,  and concurred w ith  Leech and o thers  (1968) th a t  
apparent reg ional d i f fe re n c e s  in neonatal m o r t a l i t y  m ight w e ll  r e f l e c t  
reg io na l d i f fe re n c e s  in management.
S ize  o f  herd
L o v e l l  (19^0) observed h ighest m o r t a l i t y  in sm a lle s t  herds 
(under 20 cows) but remarked th a t  g e n e ra l ly  the d i f fe re n c e s  between 
var io u s  s ize s  o f  herd were not marked. On the  o th e r  hand, Leech and 
o th ers  (1968) , Speicher and Hepp (1973) and Oxender and o thers  (1973) 
noted th a t  m o r t a l i t y  increased w ith  herd s iz e .
Oxender and o th ers  (1973) remarked th a t  inadequate p lan n in g ,  
overcrow ding, la c k  o f colostrum fe e d in g ,  poor v e n t i l a t i o n ,  and labour  
shortages seemed to  be the  most common problems asso c ia ted  w ith  la r g e r  
herds and h igher c a l f  m o r t a l i t y .  In a d d i t io n ,  in an expansion  
programme the  number o f  cows and m ilk in g  f a c i l i t i e s  was o f te n  en larged  
w ith o u t  changes in  c a l f - r a i s i n g  f a c i l i t i e s  or lab our and the  r e s u l t in g  
in crease  in  popu la tion  d e n s ity  o f  young animals in  th e  la r g e r  herds 
might a ls o  c o n tr ib u te  to  the  spread o f  in f e c t io n .
Personnel
During a farm survey o f  th e  serum immunoglobulin c o n ce n tra t io n  
o f  newborn d a iry  h e i f e r  c a lv e s ,  Selman and o thers  (1971b) noted th a t  on 
one farm , a lthough calves  were born in  th e  byre and hence l i k e l y  to  be 
more v u ln e ra b le  to  neonatal in fe c t io n s ,  the  fa rm e r 's  w i fe  was 
re sp o n s ib le  f o r  the  ca lves  and appeared to  take  much g re a te r  care  o f
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them compared to  o th e r  farmers In the survey . I t  was f e l t  th a t  the  
main reason fo r  the impressive h e a l th  record among the  ca lves  on t h is  
farm was the  f a c t  th a t  they  were being cared f o r  by a p a r t i c u l a r l y  
co n sc ien tio u s  a t te n d a n t who, above a l l ,  was prepared to  ensure th a t  a l l  
ca lv es  were fed colostrum to  s a t ia t io n  be fo re  they  were s ix  hours o ld .  
L a t e r ,  Speicher and Hepp (1 9 7 3 ) ,  Oxender and o th ers  (1973) and Hartman 
and o th ers  (197*0 confirmed th is  o b s e rv a t io n .  A l l  th re e  surveys 
recorded the  lowest m o r t a l i t y  ra te s  when the  wives fed  the c a lv e s ,  
in te rm e d ia te  ra te s  when the  ow ner/opera tor reared  the  c a lv e s ,  and the  
h ig h e s t  m o r t a l i t y  ra te s  when a h ire d  man d id  the  r e a r in g .  M a r t in ,  
Schwabe and F ra n t i  (1975) found th a t  c a l f  management personnel was 
s ig n i f i c a n t l y  re la te d  to  the m o r t a l i t y  r a t e ,  w ith  co n s id erab ly  fewer  
death losses on farms where the owner managed the  ca lves  than on farms 
where employees performed these d u t ie s .
Hous ing
I t  is  commonly asserted  th a t  poor c o n s tru c t io n ,  draught and 
poor v e n t i l a t i o n  o f  c a l f  houses a l l  r e s u l t  in  increased m o r t a l i t y  in  
housed ca lves  and th is  v iew  has been s u b s ta n t ia te d  by Esmay, W il l ia m s  
and Guyer (1953) and Thompson (1966) who recorded h ig h er m o r t a l i t y  in  
closed c a l f  houses which had minimum v e n t i l a t i o n  than in c a l f  houses 
w ith  permanently open s e c t io n .  (However, i t  should be emphasised 
t h a t  c a l f  pneumonia, and not d ia rrh o e a ,  is  the  common problem under 
such housing c o n d i t io n s ) .  Contrary  to  th e  above f in d in g s ,  Leech and 
o th e rs  (1968) examined m o r t a l i t y  data from v a r io u s ly  constructed  c a l f  
houses but found no s ig n i f i c a n t  a s s o c ia t io n  between m o r t a l i t y  and 
housing. Selman and o th ers  (1971b) emphasised the  d i f f i c u l t i e s  
fa c in g  ca lves  born indoors in o b ta in in g  adequate colostrum  e a r ly  enough 
in  l i f e  and claimed th a t  t h is  was u s u a l ly  resp o n s ib le  f o r  low serum 
immunoglobulin c o n cen tra t io n s  and consequent h igher m o r t a l i t y  r a te s .
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Feeding
( i )  The f i r s t  feed o f colostrum
I t  has been c le a r l y  e s ta b l is h e d  th a t  in o rd er to  ensure  
maximum chances o f s u rv iv in g  the neonatal p e r io d ,  a c a l f  should re ce ive  
as much colostrum as i t  can possib ly  ingest as soon as p oss ib le  a f t e r  
b i r t h .  Attempts to  q u a n t i fy  t h is  advice  have produced v a r ie d  re s u l ts  
but Selman (1969) concluded th a t  ca lves  should be encouraged, or a llo w e d ,  
to  ingest a t  le a s t  5 -7  per cent o f  t h e i r  b i r th -w e ig h t  w i th in  s ix  hours 
o f  b i r t h .  Since he a ls o  produced evidence to  show th a t  mothered 
calves are  more e f f i c i e n t  a t  absorbing colostrum g lo b u lin s  than non­
mothered c a lv e s ,  they should be l e f t  w ith  t h e i r  dams fo r  a t  le a s t  
12 hours even when colostrum is  fed  a r t i f i c i a l l y .
The value o f  a l lo w in g  ca lves  to  f i r s t  ingest colostrum by 
s uck ling  ra th e r  than from a bucket has been recognised f o r  many years  
and various  workers (Love ll  and Bradford H i l l ,  19^0; W ith e rs ,  1952;
Leech and o th e rs ,  1968) a l l  produced evidence to  show th a t  the  
m o r t a l i t y  ra te s  a f t e r  the suck ling  o f  colostrum were f a r  lower than  
when colostrum was fed from a p a i l .  There is now ample evidence to  
show th a t  average p o s t -c o lo s tra l  serum g lo b u l in  c o n ce n tra t io n  are  
s ig n i f i c a n t l y  h igher fo l lo w in g  suck ling  when compared w ith  p a i l - f e e d in g  
(Sm ith, O 'N e il  and Simmonds, 1967; Selman, 1 9 6 9 ) .
Higher m o r t a l i t y  assoc ia ted  w ith  b u c ke t- fe e d in g  o f  colostrum  
appears to  be prominent in c ross-bred  d a i ry  c a lv e s ,  A y rs h ire s ,
Guernseys and Jerseys and le a s t  in F r ie s ia n s  (Leech and o th e rs ,  1968) 
a lth o u g h , a g a in ,  o th e r  managemental d i f fe re n c e s  must be taken in to  
c o n s id e ra t io n  (Selman and o th e rs ,  1971b). N e v e r th e le s s ,  Leech and 
others  (1968) concluded th a t  t h e i r  re s u l ts  suggested t h a t  the  
p r o te c t iv e  value o f  colostrum might vary  from breed to  breed.
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( I i )  Subsequent feed in g  systems
A f t e r  the fe ed in g  o f  adequate co lostrum , ca lves  a re  reared  
e i t h e r  by suck ling  or by some a r t i f i c i a l  systems.
Suck ling  S in g le  s u c k l in g ,  in which on ly  one c a l f  is  suckled by i t s
own dam, is  g e n e ra l ly  p ra c t is e d  on ly  in beef herds and in most cases 
these are  s i tu a te d  on e x ten s iv e  farm ing a re a s .  Some o th e r  beef herds 
o p e ra te  m u l t ip le  suck ling  systems in which up to  12 ca lves  a re  reared  
on each cow throughout a p a r t ic u la r  l a c t a t io n  (Roy, 1 97 0 ) .  Cows 
c u l le d  from d a iry  herds a re  q u i te  o f te n  used f o r  th is  l a t t e r  purpose 
(Selman, 1 980 ).  Q u ite  a p a r t  frcrn reduced labour c o s ts ,  the  advantages  
o f  s u ck lin g  over a r t i f i c i a l  feed in g  inc lude  lower inc idence o f  d ig e s t iv e  
d is o rd e rs ,  a lthough a th e o r e t ic a l  d isadvantage is  th e  p o ss ib le  spread 
o f  in fe c t io n  from the nurse cow to  ca lves  (Roy, 1 9 7 0 ) .
A r t i f i c i a l  feed in g  systems This method is  most w id e ly  adopted on 
d a iry  farms and fo r  re a r in g  ca lves  sold o f f  d a iry  herds fo r  beef  
p ro d u c tio n . Calves a re  a llowed to  d r in k  d i r e c t l y  from the bucket or  
from a t e a t  in which case the  te a t  may be connected d i r e c t l y  to  a 
bucket o r  through a tube to  a r e s e r v o ir  o f  m i lk  o r ,  more o f t e n ,  m i lk  
s u b s t i t u t e .  In  some systems, the  re s e r v o ir  is  s i tu a te d  in  an 
autom atic  feed er which mixes and warms f ix e d  volumes o f  re c o n s t i tu te d  
m ilk  w h i le  in o thers  the  m i lk  s u b s t i tu te  is  s to red  c o ld  in a b in  o r  
some o th e r  s im i la r  v e s s e l .
The type o f m i lk  fed  to  the  c a l f  depends on the  r e l a t i v e  
costs  o f  the options a v a i la b le  on th e  m arke t.
The use o f  re c o n s t i tu te d  m i lk  s u b s t i tu te  powders Because i t  is  more 
expensive to  feed fre s h  whole m i lk  than m i lk  s u b s t i tu te s ,  var ious  
makes o f  the l a t t e r  are  commonly used fo r  the  re a r in g  o f  d a i ry  and
1**
d a i r y  cross beef c a lv e s .  Powdered sk im -m ilk  o r  b u t t e r - m i lk  a re  most 
w id e ly  used, whey is a ls o  used to  a le s s e r  e x t e n t .  To o b ta in  a feed  
which approximates whole m i lk  in  com position , "skim m i lk  b a lan c e r"  and 
"whey b a lancer"  are  incorporated  in  the  m i lk  powder. A ba lancer fo r  
skim m i lk  is  a m ix tu re  o f  sources o f carbohydrates and o i l  such as 
crushed oats and l in s e e d  cake m eal. Whey ba lancers  inc lude  sources 
o f  p ro te in s  such as w h ite  f i s h  meal in  a d d i t io n  to  carbyhydrates  and 
o i l .
P res e rva t io n  o f m ilk  When m i lk  or a m i lk  s u b s t i tu te  f o r  c a l f  re a r in g  
such as whey is produced on the same farm , i t  can be fed  d i r e c t l y  to  
c a lv e s .  D e liv e ry  to  o th e r  farms a t  longer than d a i ly  in te r v a ls  
n e c e s s ita te s  p reserv a t io n  to  prevent unwanted s o u r in g . Methods used 
in c lu d e  p a s te u r iz a t io n ,  b o i l in g ,  or by a c i d i f i c a t i o n  w ith  o rg an ic  acids  
such as 0 .1 5  -  0 .1 7  per cent a c e t ic  a c id  (Roy, 1 9 7 0 ) .
Length o f  the m ilk  feed ing  p erio d  From the  economic p o in t o f  v iew ,  
i t  is  b e t t e r  to wean the  ca lves  as soon as p o s s ib le  so th a t  ca lves  can 
grow on the  r e l a t i v e l y  less  expensive g rass /hay  and c o n ce n tra te s . To 
ach ie ve  t h i s ,  the q u a n t i ty  o f  m i lk  o r  m i lk  s u b s t i tu te  fed  is r e s t r i c t e d  
so t h a t  ca lves  are  encouraged to  e a t  hay and h ig h ly  p a la ta b le  concentra tes  
a t  an e a r ly  age. An a d d i t io n a l  b e n e f i t  is  th a t  t h is  speeds up the  
development o f  the  rumen (Roy, 1970) .
In most e a r ly  weaning systems, c a lves  a re  taken o f f  m i lk  
from between f i v e  and s ix  weeks. However, i t  has been cla im ed (Roy,
1970) th a t  e a r ly  weaned c a lv e s ,  most e s p e c ia l ly  those o f  the  small 
breeds such as the Jersey do not perform as w e ll  as those weaned a t  
e ig h t  weeks or more.
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G e n e ra l ly ,  the  q u a n t i ty  o f  m i lk  o f f e r e d  to  the  c a l f  depends 
on the  des ired  growth r a t e .  To o b ta in  maximum growth r a t e ,  feed ing  
calves  ad 1 ibiturn on m i lk  s u b s t i tu te  is  now becoming a common p r a c t ic e .  
Calves a re  then weaned a t  e ig h t  to  12 weeks o f  age. However, under 
such co n d it io n s  m i lk  in takes  a re  high and t h is  re s u l ts  in  increased  
re a r in g  costs w ith  the  added d isadvantage o f  increased u r in e  output and 
hence wet bedding and an increase in the  hum id ity  w i th in  the  c a l f  house 
(C h an c e llo r ,  1 98 0 ).
Problems may occur w ith  the  feed in g  o f  m i lk  s u b s t i tu te  d ie ts  
i f  they are  o f  an i n f e r i o r  q u a l i t y  o r  as a r e s u l t  o f  t h e i r  d e t e r io r a t io n .  
Of p a r t i c u la r  re levance is the f a c t  th a t  the  method used in the  
p re p a ra t io n  o f  the m i lk  powder in f lu e n ce s  the  e x te n t  o f  d e n a tu ra t io n  
o f  th e  whey p ro te in s .  Over 50 per cent o f  non-caesin  n itro g e n  is  
destroyed during the making o f  r o l l e r  d r ie d  skim m i lk  and u l t r a - h e a t  
t r e a te d  m i lk  (Roy, 1964; S h il la m  and o th e rs ,  1 9 6 1 ) .  Although th is  
has no e f f e c t  on b io lo g ic a l  va lue  o f  the p ro te in  (S h il la m  and Roy,
1963) th e re  is reductio n  in io n is a b le  calcium  (Baker and o th e rs ,  1 9 5 4 ) ,  
re le a s e  o f  -SH groups (Zweig and B lock, 1 9 5 3 ) ,  poor c l o t t i n g  a b i l i t y  
by rennet and reduced d i g e s t i b i l i t y .  Feeding o f  such d ie ts  re s u l ts  
in :  ( i )  up to  30 per cen t red u ct io n  in  w eight ga in  in  the f i r s t
th re e  weeks " in  the  absence o f  an a c t iv e  in f e c t i v e  agent"  (S h il la m  
and Roy, 1 96 3 ) ,  ( i i )  increased ra te  o f  b u i ld  up o f  in fe c t io n  when 
la rg e  nimibers o f  s u s c e p tib le  calves  a re  passed through a c a l f  house 
(Roy and o th e rs ,  1 9 5 5 ) ,  and ( i i i )  increased inc idence  o f  d ia rrh o ea  
and m o r t a l i t y  (S h il la m  and o th e rs ,  1 9 6 2 ) .
R e c en t ly ,  " a c i d i f i e d "  m i lk  powders were introduced in to  the  
B r i t i s h  m arket; t h e i r  major advantages over the more conventional
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m ilk  powders being a decreased tendency fo r  souring once they were 
r e c o n s t i tu te d  and a ls o  a l le g e d  d ia rrh o e a -p re v e n t in g  p r o p e r t ie s .
I n i t i a l l y  these m i lk  re p la c ers  were imported from Holland but a re  now 
manufactured by several o f  the  U nited  Kingdom's n a t io n a l compounders 
(Low, 1 979 ).  A summary o f  the various  a c i d i f i e d  m i lk  re p la c e r  powders 
c u r r e n t ly  a v a i la b le  n a t io n a l ly  is  presented in Tab le  3 .  One or more 
o rg an ic  ac ids  a re  incorporated  in to  the m i lk  powder. A f t e r  m ix in g ,  
' a c i d i f i e d  m i lk '  has a pH o f  about 5 .6  (medium acid ) o r  around 4 .4  
- (high acid) as opposed to  a pH o f  6 .2  to  6 .5  o f  a conventional m i lk  
r e p la c e r .  Whereas d r ie d  skimmed m i lk  (80% c a s e in ,  20% whey p ro te in )  
is  used as the  main in g re d ie n t  o f  'norm al' m i lk  re p la c e rs ,  'medium a c id *  
m ilk  may be based upon c a s e in , but the manufacture o f  'h igh  a c id '  m i lk  
n e c e s s ita te s  the use o f  non-casein in g re d ie n ts  to  avoid  co ag u la tio n  
fo l lo w in g  mixing (Stobo, c i te d  by C h a n c e l lo r ,  1 98 0 ) .  The feed  
p re s e rv a t iv e s  can keep the re c o n s t i tu te d  m i lk  fre s h  and in suspension  
fo r  up to  two to  four days depending on the a c i d i t y  o f  the re c o n s t i tu te d  
m ilk  and the environmental tem peratu re .
One producer o f  a c i d i f i e d  m ilk  ( S p i l l e r s ,  1980) c la im s the  
fo l lo w in g  advantages over "sweet" m i lk  re p la c e rs :  (1) increased a c id
r e s u l ts  in re ta rd a t io n  o f  growth o f  unwanted b a c te r ia  w hich, in tu r n ,  
r e s u l ts  in longer keeping period  and reduces frequency o f  m ixing and 
la b o u r ,  ( i i )  low pH o f  m i lk  s t im u la te s  growth o f  the  d es ired  l a c t o b a c i l l  
organisms which he lp  to  preserve  the m i lk ,  ( i i i )  the pH o f  the  abomasum 
b efore  feed ing  is about 2 .0  to  2 .8  but r is e s  to  between 4 .5  and 6 .2  by 
30 minutes a f t e r  feed in g  a conventional m i lk  re p la c e r ;  s ince  optimum 
pH fo r  p ro te o ly s is  by rennin  and pepsin is  between th re e  and fo u r ,  the  
fe e d in g  o f  a high ac id  m i lk  re p la c e r  keeps the abomasal pH a t  an optimal 
le v e l  fo r  enzyme a c t i v i t y  and p ro te o ly s is  (as a r e s u l t ,  undigested
17
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p ro te in  does not pass to  the duodenum and th e re fo re  one o f  the fa c to rs  
considered to  be respons ib le  fo r  c e r t a in  types o f  d ia rrh o ea  is removed), 
( iv )  the  high a c id i t y  o f  the m i lk  and the  f a c t  th a t  i t  is  fed  a t  room 
tem perature  does not encourage excessive  in ta k e  and makes a<J I ib i t u m  
fe e d in g  o f  ca lves  fe a s ib le  and p r o f i t a b l e .  (Another producer (BP
4
n u t r i t i o n ,  1980) recommends th a t  i t s  own a c i d i f i e d  m i lk  s u b s t i tu te  
should be fed  in the range o f  10°C to  20°C s ince  feed in g  a t  tem peratures  
above th is  range w i l l  r e s u l t  in e xc e s s iv e ly  high in ta ke  and may r e s u l t  
in  d ig e s t iv e  d isorders  and feed ing  below 10°C may reduce in ta ke  and 
t h e r e fo r e  depress the c a l f ' s  perform ance), (v) high a c i d i t y  encourages 
increased s o l id  food in ta k e  during  the m ilk  perio d  compared w ith  calves  
fed  on conventional m i lk  re p la c e rs ;  t h is  is claimed to  reduce the  
post weaning check, (v i )  calves on a c id  m i lk  grow f a s t e r  than those  
on conventional m i lk  s u b s t i tu te s ,  presumably as a r e s u l t  o f  t h e i r  being  
less prone to  d ia rrh o e a .
However, not a l l  o f  the  a v a i la b le  in fo rm atio n  support the  
view th a t  th e re  is an advantage in feed ing  ac id  m i lk  ra th e r  than  
conventional m i lk :  during  one t r i a l  on one brand o f  ac id  m i lk  (Low,
1979) a lthough the ra te  o f  weight ga in  in  standard b u cke t-rea re d  
("sweet" m i lk - fe d )  F r ie s ia n  calves was lower than ad 1 ib itum  (ac id  m ilk )  
reared  an im a ls , food conversion was h igher and the  cost o f  production  
lower in b u cke t-rea red  c a lv e s .
C hancello r (1980) c i te d  Roy and S tobo 's  f in d in g s  on 
comparisons between ac id  and normal m i lk  re p la c e rs :  these workers
noted th a t  d if fe re n c e s  in in g re d ie n ts ,  the e f f e c t s  o f  d i f f e r e n t  
a c i d i t i e s  and a l t e r n a t i v e  methods o f  feed in g  had confounded th e  r e s u l ts  
o f many t r i a l s .  They th e re fo re  attem pted "not to  s im u la te  p r a c t ic a l  
re a r in g  co n d it io n s  but ra th e r  to  examine the a c tu a l e f f e c t s  o f  m i lk
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s u b s t i tu te  d ie ts  themselves11. The incidence o f  scouring was very  low  
in  a l l  the F r ie s ia n  ca lves  used, "probably  because they were given  
adequate le v e ls  o f  colostrum in the f i r s t  two days o f  l i f e  and reared  
in p a r t i c u l a r l y  h y g ien ic  co n d it io n s  -  suggesting th a t  a c i d i f i c a t i o n  
was o f  no rea l b e n e f i t " .  In th is  l a t t e r  t r i a l ,  several instances o f  
b lo a t  occurred and were confined e x c lu s iv e ly  to  the t e a t - f e d  animals  
and those on the non-casein  d ie t s .  As f a r  as performance was concerned, 
l iv e w e ig h t  gains were reduced by the  non-skim d i e t s ,  by a c i d i f i c a t i o n  
and by t e a t  fe e d in g .  D espite  t h i s ,  however, even the lowest gains  
would have been adequate fo r  commercial re a r in g  schemes (C h a n c e llo r ,
1 9 8 0 ) .  Feed re fu s a ls  were a ls o  no tab ly  h igher w ith  the  non-skim d ie t s ,  
w ith  t e a t  fe e d in g ,  and w ith  a c i d i f i e d  d ie ts  fed  by t e a t .  I t  was 
concluded t h a t ,  under good management c o n d it io n s  and w ith  a high le v e l  
o f  c a l f  immunity, a c i d i f i e d  m i lk  s u b s t i tu te s  appeared to  o f f e r  l i t t l e  
b e n e f i t  over the more t r a d i t io n a l  c a l f  re a r in g  d ie ts  a lth o u g h , o f  course ,  
the  ad 1 ib itum  feed ing  o f  cold a c i d i f i e d  m i lk  does in vo lve  co n s id erab ly  
less  la b o u r .
Swannack (a lso  c i t e d  by C h a n c e l lo r ,  1980) working w ith  home­
re a re d ,  c o lo s tru m -fed  ca lves  under "s tandard  commercial management" 
c o n d it io n s  compared performance o f  ca lves  on 'n o rm a l1, medium acid  and 
high a c id  powders. P re l im in a ry  re s u l ts  showed th a t  a s im i la r  
performance was obta ined from a l l  o f  the  feeds and systems te s te d  -  
"o n ly  ad 1 ibiturn systems d id  so a t  a g re a te r  c o s t" .  "Calves fed high  
a c id  d ie ts  ad 1 ibiturn consumed over tw ic e  as much m i lk  powder as the  
s tan d ard , b u c k e t- fe d ,  animals and y e t  showed no improvement in d a i ly  
l iv e w e ig h t  gain  to  f i v e  weeks". Swannack a ls o  noted th a t  a c i d i f i c a t i o n  
seemed s u f f i c i e n t  to  prevent m icro b ia l  sp o ilag e  in th e  r e s e r v o ir  in  
the  w in te r  months but s tressed  th a t  keeping tim e may be reduced and
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more freq u en t m ixing req u ire d  when environmental tem peratures were 
h ig h e r .
F a l lo n  and H arte  (c i te d  by C h a n c e l lo r ,  1980) in v e s t ig a te d  the  
p r a c t ic a l  aspects o f  a c id  m i lk  feed in g  under "commercial re a r in g  
c o n d it io n s " .  They found th a t  the  feed in g  o f  both ad 1 ib itum  cold  
ac id  m i lk  re p la c ers  and ad 1 ib itum  hot sweet m i lk  re p la c ers  a llow ed  
average in takes  o f  50 kg m i lk  p o w d e r /c a lf  over a hS day re a r in g  perio d  
and gave s im i la r  ra te s  o f  d a i ly  l iv e w e ig h t  g a in .  F a l lo n  (c i te d  by 
C h a n c e l lo r ,  1980) suggested th a t  " re a re rs  who r e q u ire  an ad 1 ib i  turn 
feed ing  system would do w e ll  to  opt f o r  co ld  a c i d i f i e d  feed in g  in  
prefe rence  to  warm machine feeders  i f  they have less  than *f0 calves  or  
wish to  preserve the maximum f l e x i b i l i t y .  However, unless labour is  
severe ly  l i m i t i n g ,  most producers would be b e t te r  t r y in g  to  get the  
most out o f  t h e i r  t r a d i t io n a l  system o f  bucket r e a r in g " .
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COLOSTRUM AND THE ROLE OF COLOSTRAL IMMUNITY IN NEONATAL CALF DISEASE
The S ecre tio n
Colostrum Is the s e c re t io n  by the  mammary gland immediately  
a f t e r  p a r t u r i t i o n .  I t  v a r ie s  in  appearance and consistency and the  
s e c re t io n  may resemble anyth ing  from th in  honey to  normal cow*s m ilk  
( H i l l ,  Widdowson and Maggs, 1 9 5 0 ) .
A comparative composition o f  colostrum (obta ined during the  
f i r s t  2k hours a f t e r  c a lv in g )  and o f  m i lk  is  given on Table  4 .
Colostrum has h igher con cen tra t io n s  o f  p r o te in s ,  v itam in  A and 
caro teno ids  among o th e rs ,  than m i lk .  The high c o n ce n tra t io n  o f  
p ro te in s  (an in d ic a t io n  o f  the  immunoglobulin content) f a l l s  e x p o n e n t ia l ly  
from 1^-20 per cent a t  f i r s t  m i lk in g  to  *f.2 -  k .k  per cent a t  the  fo u r th  
m ilk in g  (P a r r is h ,  Wise, Hughes and Atkeson, 1 9 5 0 ) .  M i lk in g  cows be fo re  
p a r t u r i t i o n  ("premil k ing") re s u l ts  in  a s e c re t io n  th a t  is  o f  less  va lu e  
to  the  c a l f  than the  same volume o f  normal colostrum  (Aschaffenburg,  
B a r t l e t t ,  Kon, Roy, W a lker , Briggs and L o v e l l ,  1951) s ince  i t s  q u a l i t y  
approaches th a t  o f  normal m i lk  (Selman, 1 9 6 9 ) .
The work o f  Smith and L i t t l e  (1922) demonstrated th a t  the  
feed in g  o f  colostrum p ro tec ted  ca lves  a g a in s t  b a c t e r ia l  in fe c t io n s  
in c lu d in g  c o l is e p t ic a e m ia .  Th is  t r ig g e re d  o f f  the  search f o r  the  
p r o te c t iv e  fa c to r  or fa c to rs  in colostrum  a lthough i t  took more than  
25 years before  the  major p r o te c t iv e  ro le  was d e f in e d  as immunological.
Colostrum as a source o f  v itam in  A
For many y e a rs ,  the  p r o te c t iv e  va lu e  o f  colostrum  was held  
t o  re s t  in i t s  high content o f  v ita m in  A. Mellamby and Green (1929)
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TABLE 4
Comparable composition o f  colostrum and m i lk .
COLOSTRUM M ILK
Fat (g/lOOg) 3 .6  3 .5
Lactose (anhydrons, g/lOOg) 3.1 4 .6
Ash (g/lOOg) 0 .9 7  0 .7 5
Carotenoids (U g /g  f a t )  24 -45  7
V itam in  A (U g /g  f a t )  4 2 -4 8  8
V ita m in  D (U g /g  f a t )  0 . 9 - 1 . 8  0 .6
V itam in  E 100-150 20
P ro te in  (g/lOOg) 1 4 .3  3 .2 5
Casein (g/lOOg) 5 .2  2 .6
Albumin (g/lOOg) 1 .5  0 .4 7
Immune g lo b u l in  (g/lOOg) 5 . 5 - 6 . 8  0 .0 9
As compiled by Roy (1 9 7 0 ) .
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showed th a t  the d e p le t io n  o f  v ita m in  A predisposed mammals to  b a c te r ia l  
in fe c t io n s .  Dann (1933) found th a t  v ita m in  A le v e ls  In colostrum were 
10 to  100 times g re a te r  than those o f  m i lk .  S tew art and McCallum 
(1938a) l a t e r  noted th a t  th e re  was a ra p id  f a l l  in c o lo s t ra l  v ita m in  A 
le v e ls  postpartum and th a t  by fo u r  days postpartum, the  values were 
s im i la r  to  those o f  m i lk .  As a r e s u l t  (S tew art and McCallum, 1938a) 
advised e a r ly  feed ing o f  colostrum to  ensure maximum v ita m in  A in ta k e  by 
c a lv e s .  L a t e r ,  S tewart and McCallum (1938b) observed th a t  the  
Inc idence o f "w hite  scours and a l l i e d  in fe c t io n s "  s ig n i f i c a n t l y  d ec lin ed  
w ith  the feed ing  o f  colostrum w ith  h igher v itam in  A c o n c e n tra t io n .
Sutton and Kaeser (19^6) showed a rap id  r is e  in plasma 
v ita m in  A leve l fo l lo w in g  in g es t io n  o f  colostrum by ca lves  and th a t  the  
a b so rp t io n  o f carotene and v itam in  A continued fo r  a t  le a s t  over the
f i r s t  week, as long as colostrum was s t i l l  fe d .
Despite  the  f in d in g s  mentioned above, attem pts  to  reduce 
neonatal c a l f  m o r t a l i t y  by v itam in  A supplem entation has, on the  whole,  
proved f u t i l e .  P h i l l i p s ,  Lundquist and Boyer (19^1) compared the  
performance o f calves ra is e d  on co lostrum , skim m i lk  a lo n e ,  and skim 
m ilk  supplemented by v ita m in s .  A l l  ca lves  reared  on skim m ilk  a lone  
d ied  w h i le  on ly  25 per cent o f  those reared  on skim m i lk  plus v itam ins
d ie d .  However, s ince th e re  were no deaths in the c o lo s tru m -fed  group,
i t  became obvious th a t  the  p r o te c t iv e  f a c to r  in colostrum  was more than  
v itam in s  a lo n e .
Colostrum as a source o f  immunoglobulins
Blakemore, Davies , E y lenberg , Moore, S e l le r s  and Worden 
(19^8) s u c c e s s fu l ly  reared colostrum deprived ca lves  on skim m i lk  a f t e r  
in o c u la t in g  them a t  b i r t h  w ith  p reco lostrum , but not ca lves  fed on
2k
skim m i lk  supplemented w ith  v itam in  A. As precolostrum  was shown to  
be r ic h  in a n t ib o d ie s ,  i t  was concluded th a t  the  c h ie f  p r o te c t iv e  f a c to r  
o f  colostrum  was the g lo b u l in ,  not the  v ita m in  A c o n te n t .  This  
in fe re n c e  was soon supported by the f in d in g s  o f  Aschaffenburg and o thers  
( I9**9a , I9^9b) which c o n c lu s iv e ly  showed th a t  th e  p ro te c t iv e  fa c to r  in 
colostrum  was in the  aqueous and not in the  f a t t y  f r a c t i o n .  In t h e i r  
s tu d ie s ,  m o r t a l i t y  was 50 per cent in the  group o f  ca lves  i n i t i a l l y  fed  
f a t t y  f r a c t io n  o f colostrum and e ig h t  per cent o f  those fed  the aqueous 
* f r a c t i o n ;  none o f  th e  calves  which were fed  colostrum died  
(Aschaffenburg and o th e rs ,  19*+9a). When only  80ml o f  the aqueous 
f r a c t i o n  was s u b s t i tu te d  fo r  colostrum a l l  the ca lves  surv ived  in s p i te  
o f  d ia rrh o e a  w h ile  83 per cent o f  co lo stru m -d ep rived  c o n tro ls  died  
(Aschaffenburg and o th e rs ,  19**9b) . L a t e r ,  a d i s t i n c t  r e la t io n s h ip  was 
found to  e x is t  between the amount o f  immune 1a c to g lo b u lin  absorbed by 
newborn ca lves  and t h e i r  chances o f  s u rv iv in g  th e  neonatal period  
(Gay, Anderson, F ish er and McEwan, 1965)•
The a c q u is i t io n  o f  immunity by newborn calves
Calves a re  im m unologically  competent even b e fore  b i r t h  
(S c h u ltz ,  1973) and co lostru m -dep rived  calves  respond a c t iv e ly  to  
in je c te d  an tig en s  (Husband and L a s c e l le s ,  1 9 7 5 ) .  In s p i te  o f  t h i s ,  
newborn ca lves  are  more s u s c e p t ib le  to  in fe c t io n  than t h e i r  a d u lt  
c o u n te rp a r ts  because tra n s p la c e n ta l  t r a n s fe r  o f  immunoglobulins does 
not o c cu r .  Thus, ca lves  a re  born w ith o u t s ig n i f i c a n t  le v e ls  o f  
immunoglobulins and are  th e re fo re  h ig h ly  v u ln e ra b le  to  in fe c t io n  
(Ingram and Smith, 1 9 6 5 ) .  Osburn, S ta b e n fe ld t ,  Ardans, Trees and 
Sawyers (197*0 observed th a t  the fo e ta l  lamb and c a l f  produce la rg e  
q u a n t i t i e s  o f  c o r t ic o s te ro id s  beginning e ig h t  to  ten  days b e fore  b i r t h ,  
and suggested th a t  t h is  phenomenon may r e s u l t  in lymphopaenia and
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decreased phagocytic defences which may a f f e c t  the  c e l l u l a r  immune 
mechanism and hence cause decreased p e r in a ta l  r e s is ta n c e .  However, 
the  major fa c to r  respons ib le  fo r  the high s u s c e p t i b i l i t y  to  in fe c t io u s  
e n t e r ic  disease is due to  the fa c t  th a t  ca lves  are  born agannjaglobul inaemic  
and a re  dependent upon a c q u ir in g  re s is ta n c e  to  enteropathogens w i th in  
the  f i r s t  few hours o f  l i f e  (Selman, 1 9 7 3 ) .  Under optimum c o n d it io n s ,  
the  percentage o f  immunoglobulins in c a l f  serum r is e s  from less  than  
one to  over kO per cent o f  to ta l  serum p ro te in s  soon a f t e r  a feed o f  
colostrum  (P ie rc e ,  1 95 5 ) .
The p r o te c t iv e  fu n c t io n  o f  c o lo s t ra l  a n t ib o d ie s
The phenomenon o f  c o lo s t ra l  an tibody  abso rp t io n  has been 
s tu d ied  in many species using a wide v a r ie t y  o f  techn iques . E r l ic h  
(1892) observed th a t  young mice can be made to  develop a n t ib o d ie s  
a g a in s t  vegetab le  to x in s  ( r i c i n  and a b r ln )  w i th in  10 days by v a c c in a t in g  
th e  m other. Famulener (1912) found th a t  k ids developed a n t i -s h e e p  
e ry th ro c y te s  haemolysin a f t e r  s u c k l in g ,  th a t  no in u te ro  t r a n s fe r  
occurred and th a t  th is  phenomenon could on ly  take  place w i th in  the  
f i r s t  few days o f l i f e .  The absorp t ion  o f  a g g lu t in in s  to  B ru c e l1 a 
abortus  was noted to  have occurred s im u ltaneous ly  w ith  a b so rp t io n  o f  
g lo b u l in s  a f t e r  the feed in g  o f  colostrum (O rcu tt  and Howe, 1922) or  
cow serum (Smith and L i t t l e ,  1 92 3 ) .  In a d d i t io n ,  th e  presence in  
colostrum  o f  s p e c i f ic  a n t ib o d ie s  to  Trichomonas fo e tu s  (Kerr and 
Robertson, \ 9 k k ) , R inderpest (Brown, 1 9 5 8 ) ,  E. c o l i  (Kaeckenbeeck,
C o l in e t  and Schoenaers, 1 9 6 1 ) ,  Foot and Mouth Disease (Graves, 1963) 
among o th e rs ,  and t h e i r  ab so rp t io n  by newborn an im a ls , have a ls o  been 
demonstrated although th e re  has been some debate as to  whether the  
p r o te c t iv e  fa c to r  in co lostrum , a t  le a s t  in c e r t a in  in f e c t io n s ,  is  
due to  s p e c i f ic  o r  n o n -s p e c if ic  a n t ib o d ie s  (Gay, 1965; F is h e r ,
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M a r t in e z ,  T r a ln in  and Meirom, 1 9 7 6 ) .  Briggs (1951) suggested th a t  
the  presence o f  K an tigens  was a sso c ia ted  w ith  the  p a th o g e n ic ity  o f  
c e r t a in  s t r a in s  o f E. c o l i . He showed th a t  colostrum fed  to  11 calves  
which subsequently d ied o f  c o l is e p t ic a e m ia  conta ined no K a n tib o d y .  
B rig g s ,  L o v e l l ,  Aschaffenburg, B a r t l e t t ,  Kon, Roy, Thompson and Walker  
(1951) extended th is  study and claimed th a t  th e re  was good evidence  
to  suppose th a t  c o lo s t ra l  p ro te c t io n  o f  ca lves  was l in k e d  to  i t s  K 
an tib o d y  c o n te n t .  Ingram and o thers  (1956) working w ith  calves  
a r r iv e d  a t  the same co n c lus ion . However, Fey and Margadant (1961) 
succeeded in c o n fe r r in g  immunity to  experim ental E. c o l i  serotype  
078 : K80B in fe c t io n  by feed ing  colostrum which lacked K antibody  to  
th is  ty p e .  Th is  s i t u a t io n  was a ls o  h ig h l ig h te d  by Gay (1965) who 
cla im ed th a t  c o lo s tru m -fed  ca lves  were r e s is ta n t  to  experim ental 
in f e c t io n  w ith  E . c o l i  serotypes asso c ia ted  w ith  sep ticaem ia , whether  
s p e c i f i c  a g g lu t in in s  a g a in s t  t h e i r  serotypes were present in t h e i r  
serum o r  n o t .
Fey and Margadant (1961) noted th a t  almost a l l  (21 /22)  
colostrum  fed calves  which died o f  E. col i septicaem ia  were e i t h e r  
hypogammaglobulinaemic or agammaglobulinaemic but a ls o  noted th a t  the  
feed in g  o f  colostrum in most o f  these cases had been delayed u n t i l  
a f t e r  12 hours postpartum. Gay, Anderson, F is h er  and McEwan (1965) 
a ls o  showed th a t  E. c o l ? septicaem ia  on ly  occurred in ca lves  w ith  
l i t t l e  or no serum immunoglobulins w h ile  ca lves  w ith  high serum 
immunoglobulins surv ived  under the  same c o n d it io n s .  S i m i l a r ly ,  
m o r t a l i t y  assoc ia ted  w ith  d ia rrh o ea  were very  high in  ca lves  w ith  low  
serum immunoglobulin. The conclusion was th a t  p ro te c t io n  from E. col i 
septicaem ia  was co n ferred  by high serum immunoglobulin le v e ls  and not 
s p e c i f i c  E. c o l i  a n t ib o d ie s .  On th e  o th e r  hand, Penhale (1965)
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s ta te d  th a t  a d e f ic ie n c y  o f  serum gammaglobulins meant d e f ic ie n c y  o f  
s p e c i f i c  a n t ib o d ies  and t h a t ,  in any case, E. c o l i  a n t ib o d ie s  were 
e le c t r o p h o r e t ic a l ly  f a s t e r  B^ M m acroglobulins  and not gammaglobulins. 
Smith (1965) was a ls o  o f  the  op in ion  th a t  c o lo s t ra l  p ro te c t io n  a g a in s t  
E. c o l ? bacteraemia in calves  was c o n fe rred  by s p e c i f i c  b a c te r ia l  
a n t ib o d ie s  (opsonins or bac te r io p h in s ) and not 0 o r  K a g g lu t in in s .
N ev erth e le ss , i t  is  now g e n e ra l ly  accepted th a t  c o lo s t ra l  
p r o te c t io n  re s u lts  from i t s  immunoglobulin content a lthough the  exact  
manner in which t h is  p ro te c t io n  takes p lace  remains f u l l y  u n c le a r .  
Probably  d i f f e r e n t  c o lo s t ra l  antibody le v e ls  a re  necessary ag a in s t  
d i f f e r e n t  in fe c t io n s  as passive immunity is e a s i ly  achieved ag a in s t  
some in fe c t io n s  but not o th e rs  even when i t  has been shown th a t  high  
immunoglobulin le v e ls  can p ro te c t  th e  l a t t e r  (F ish er and o th e rs ,  1 9 7 6 ) .
Colostrum and vaccinal immunity
Q u ite  a p a r t  from e x p lo i t in g  the n a tu ra l  phenomenon described  
above w ith  the aim o f  maximising c o lo s t r a l ly - a c q u i r e d  (passive) immunity 
in c a lv es  and thereby p ro te c t  them a g a in s t  neonatal e n t e r ic  in fe c t io n s  
(Selman, 1969; 1973) the  s i t u a t io n  has a ls o  been e xp lo re d ,  w i th  some 
n o ta b le  successes, as a means o f  c o n t r o l l in g  o th e r  in fe c t io u s  d is o rd e rs .  
O c c a s io n a l ly ,  however, the  presence o f  c o lo s t ra l  an tibody  can in t e r f e r e  
w ith  v a c c in a t io n .
Ingram and Smith (1965) s ta te d  th a t  the  presence o f  r e l a t i v e l y  
high serum t i t r e s  o f  a n t ib o d ie s  acqu ired  p a s s iv e ly  through colostrum  
in t e r f e r e d  w ith  the a c t iv e  production  o f  a n t ib o d ie s  in young an im als .  
Smith and Ingram (1965) noted th a t  the  immunological response to  
an tig en s  in the f i r s t  few days o f  l i f e  depended on the type o f  a n tig e n  
and t h a t  o c c a s io n a l ly  colostrum  depressed antibody  fo rm atio n  even when
28
i t  d id  not conta in  a n t ib o d ie s  to  the c h a lle n g in g  a n t ig e n .  McDiarmid 
(19^6) observed th a t  the disappearance o f  m a te rn a l ly -d e r iv e d  a n t ib o d ie s  
from a c a l f ' s  serum depended on the  c o lo s t ra l  whey t i t r e  and hence on 
the  c a l f ' s  i n i t i a l  serum t i t r e  to  B r .  a b o r tu s . The r a te  o f d e c l in e  
in an tibody  le v e ls  depended on the type o f  a n tig e n  (Gay, 1 96 5 ) .  
M a te r n a l ly -d e r iv e d  a n t ib o d ie s  depress a c a l f ' s  a n t ig e n ic  response and 
hence the v a c c in a t io n  o f  a c a l f  born to  a cow r e s is t a n t  f o r  example to  
Foot-and-mouth d isease or R inderpest must be delayed and the  de lay  may 
place the  young animal a t  r i s k .  The same problem occurs w ith  canine  
distem per (Baker and o th e rs ,  1959) and c l o s t r i d i a l  in fe c t io n s  o f sheep 
(Cooper, 1967 ).
However, i t  is  known th a t  high le v e ls  o f  p a ss iv e ly  acquired  
( c o lo s t r a l )  s p e c i f ic  a n t ib o d ie s  w i l l  p ro te c t  ag a in s t  c l o s t r i d i a l  
in fe c t io n s  in the young and are  a ls o  useful in the face  o f  c l o s t r i d i a l  
In fe c t io n s ,  fo r  example te tanus in horses and enterotoxaem ia  in sheep 
(Buxton and F ra se r ,  1 9 7 7 ) .  The e x p lo i t a t io n  o f th is  phenomenon fo r  
the con tro l o f neonatal c a l f  d ia rrh o ea  has been attem pted on many 
occasions but in most instances the  re s u l ts  have been equivocal (Acres 
and R a d o s t i ts ,  1976; Shoenaers, Kaeckenbeeck and El Nageh, 1967) .
Th is  may have been the  r e s u l t  o f  the  d i f f i c u l t i e s  involved in d e f in in g  
the  ac tua l pathogens respons ib le  f o r  neonatal c a l f  d ia rrh o ea  or e ls e  
in  the  way in which the  an tigens  were presented to  the  pregnant c a t t l e .
THE AETIOLOGY OF NEONATAL CALF DIARRHOEA (NCD)
Tolnay (1799) and von W ilburg  (1823) suggested th a t  the  cause
o f  NCD was c u rd l in g  o f  m i lk  in the abomasum consequent upon the
form ation  o f  ac id  in  the in te s t in a l  c o n te n t .  Laubender (1806) f e l t  
th a t  d ia rrho ea  in young ca lves  was p a r t i a l l y  caused by c o ld ,  p a r t i a l l y  
by d ie ta r y  changes and p a r t i a l l y  due to  an e xc e s s iv e ly  high f a t  content  
o f  th e  m i lk .  D ie t r ic h  (1828) considered th a t  i t  was due to  poor 
n u t r . i t ion o f  the dam during  pregnancy, so th a t  the  c a l f  was weak a t  
b i r t h  and incapable  o f d ig e s t in g  maternal m i lk  o f  poor q u a l i t y .  Obich 
(1865) a ls o  b e lieved  th a t  the d isease was caused by in s u f f i c ie n t  
feed ing  of the dam, but regarded i t  as an in fe c t io u s  disease and th is  
l a t t e r  view has tended to  dominate the  way in which NCD has been 
considered, r e a l l y  s ince th a t  t im e .
E sch erich ia  c o l i  was f i r s t  in c r im in a te d  as being involved in  
a t  le a s t  some o f  the forms o f  neonatal c a l f  d isease when Jensen (1893) 
recorded "oval-shaped11 b a c te r ia  in the in te s t in e s  and t is su e s  o f  
d ia r rh o e ic  c a lv e s .  In subsequent p u b l ic a t io n s  (Jensen, 1897; 1899) he 
s ta te d  th a t  septicaem ia d id  not occur in a l l  outbreaks o f  c a l f  d ia rrh o ea
in several instances on ly  a few b a c te r ia  were found in  the  blood stream
and he suggested th a t  in these in s tan ces , death was probably caused by 
absorption  o f  to x ic  m a te r ia l  formed in the  in t e s t in e .
D a lto n ,  F is h er  and M c In ty re  ( I960 ) suggested th a t  excessive  
numbers o f  E. col ? in the  in te s t in e s  played an im portant p a rt  in the  
production o f  severe d ia rrh o ea  in the  c a l f .  They a ls o  suggested th a t  
E. c o l ? played i t s  p a r t  in  converting  cases o f  m ild  d ia rrh o ea  in to  more 
severe ones, i t s  rap id  m u l t ip l i c a t io n  being f a c i l i t a t e d  by the  
premature a r r iv a l  in the  la rg e  in te s t in e  o f  food passed on too ra p id ly
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by the  small In t e s t in e .  However, they s tressed  th a t  even I f  th is  
hypothesis was c o r r e c t ,  i t  s t i l l  l e f t  unexp la ined the i n i t i a l  cause o f  
d is tu rbance  and the  way the  appearance o f  la rg e  numbers o f  E. c o l i  
gave r is e  to  excessive d ia rrh o e a .
Acute d ia rrh o ea  has been produced e x p e r im e n ta l ly  by feed ing  
both co lo stru m -fed  and co lostru m -dep rived  ca lves  o r a l l y  w ith  c e r t a in  
s tra in s  o f E. c o l i  organisms (Smith and H a l ls ,  1 967a) .  These workers  
a ls o  showed th a t  the  b a c t e r i a - f r e e  f lu id s  o f  such s t r a in s  o f  E . c o l i  
caused f l u i d  accumulation in and d i l a t a t i o n  o f  l ig a t e d  segments o f  
c a lv e s '  in te s t in e  (Smith and H a l ls ,  1967b ). The in fe ren c e  was th a t  
c e r t a in  s t ra in s  o f  E. col i produced an e n te ro to x in  which was respons ib le  
fo r  t h e i r  p a th o g e n ic i ty .
Three forms o f  d isease due to  E. c o l i  or c o l ib a c i l l o s i s  were  
described by Gay (1965 ): ( i )  c o l is e p t ic a e m ia ,  c h a ra c te r is e d  by invasion
o f  the t is su es  o f  the c a l f ,  f e v e r ,  rap id  c o l la p s e  and d eath , ( i i )  
e n te r ic - to x a e m ic  c o l i b a c i l l o s i s ,  c h a ra c te r is e d  by lo c a l i z a t io n  o f  la rg e  
numbers o f  c e r t a in  s t r a in s  o f  E. c o l i  in small in te s t in e  where they  
produce a to x in  ( e n te r o to x in ) ,  and ( i i i )  e n t e r ic  col ib a c i l  l o s is ,  which  
may be described as the t r a d i t io n a l  form o f  "w h ite  scour" o f  c a lv e s ,  
o ccu rr in g  m ain ly  in the f i r s t  two weeks o f  l i f e .  A d is t in c t io n  is  now 
made between two main types o f  pathogenic E. c o l i : n o n -in v a s iv e  
serotypes which cause d ia rrh o e a ,  u s u a l ly  re fe r r e d  to  as e n te ro to x ig e n ic  
E. c o l i  (ETEC) (M orin, 197*0 and th e  in v as ive  serotypes which cause 
septicaem ic  c o l ib a c i l l o s i s  in im m u n o g lo b u lin -d e fic ien t ca lves  (Sm ith,  
197 8 ).
Other b a c te r ia  asso c ia ted  w ith  NCD inc lude  B a c i l lu s  pyocyaneus 
(P oe ls , 1 89 9 ) ,  Pasteurel 1 a sp. (Nocard, 1 9 0 1 ) ,  Streptococcus sp. (P o e ls ,
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1899) and V ib r io  (Campylobacter) je ju n i  (Jones and L i t t l e ,  1 9 3 1 ) .
Hepple (1952) reported  an outbreak o f  C lo s tr id iu m  p e r fr in q e n s  type B 
in fe c t io n  c h a ra c te r is e d  by severe scour and dysentery  among seven to  
ten  day o ld  c a lv e s .  H i lo  and o th ers  (197*0 recorded an outbreak  o f  
d ia rrh o ea  c h a ra c te r is e d  by d u l ln e s s ,  nervous derangement and bloody  
faeces w ith  death under two hours o f  the  onset o f  c l i n i c a l  signs among 
th re e  to  fo u r  day o ld  c a lv e s ;  C lo s tr id iu m  p e rfr in o en s  type C was 
in c r im in a te d  in the  ou tb reak . The p a th o g e n ic ity  o f  P rov idenc ia  
s t u a r t i  i (an a ty p ic a l  n o n -lac to se  fe rm enting  s t r a in  o f  E. c o l i )  was 
in v e s t ig a te d  by Waldheim, Meinershagen and Frank (1969) who fed  beef 
calves  less  than one hour o ld  w ith  the  organisms and then a llow ed them 
to  s u c k le .  Twelve o f  18 in fe c te d  ca lves  became d ia r r h o e ic  and two 
died whereas on ly  two o f  15 con tro l ca lves  had m ild  d ia rrh o ea  and none 
d ie d .  F i n a l l y ,  d i f f e r e n t  sa lm onella  serotypes but p r in c ip a l l y  
S. d u b lin  (Smith and Jones, 1967) and S. typhimurium (Rankin and T a y lo r ,  
1966) have been used to  reproduce d ia rrh o ea  in experim ental c a lv e s .  
However, sa lm o n e llo s is  is  discussed in d e t a i l  in  Chapter I I  o f  th is  
th e s is  and th e re fo re  w i l l  not be f u r t h e r  considered here .
In a d d i t io n  to  b a c t e r ia ,  a host o f  v iru s e s  have been is o la te d  
from both d ia r rh o e ic  and normal ca lves  and several have been demonstrated  
to  be capable o f  producing NCD in co lostru m -dep rived  or g n o to b io t ic  
ca lves  (Table 5 a , b ) . D iarrhoea has been produced in young ca lves  
In fe c te d  e x p e r im e n ta l ly  w ith  the v iru s  o f  Bovine V i r a l  D iarrhoea  
(Lambert and F e rn e l iu s ,  1 9 6 8 ) ,  Coronavirus (Hebus and o th e rs ,  1 97 3 ) ,  
P arvov iru s  (Storz and Bates, 1973) and Rotavirus (Mebus and o th e rs ,  1971) 
although th e  r e l a t i v e  importance o f  the organisms in the  w ider  con text  
o f  NCD is as ye t u n d efined .
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Agents o th e r  than b a c te r ia  and v iru s e s  th a t  have been 
in c r im in a te d  in NCD outbreaks a re  g iven in Table 5c.
Bovine ch lam id ia l  s t r a in  LVG13 was used by Doughri and o thers  
(197*0 to  reproduce d ia rrh o ea  in  newborn c a lv e s .
Fungi (Phycomycetes) in c lu d in g  A s p e rg i l lu s  and Candida sp. 
were in c r im in a te d  in m ycotic  g a s t r i t i s  o f  5 -2 8  day o ld  calves  submitted  
fo r  necropsy (N e itzke  and S c h ie fe r ,  197*0 • As most o f  the  ca lves  had 
been on a course o f  a n t ib io t i c s  f o r  several days, the  presence o f  the  
fungi was considered as secondary in v as io n .
A coccidium, Cryptosporidium  s p . ,  was asso c ia ted  w ith  
p ro tra c te d  d ia rrh o ea  in a two week o ld  c a l f  (Menten, 197**) •
Many workers have attem pted to  e s t im a te  the a e t io lo g y  o f  NCD 
by c o r r e la t in g  the incidence o f  various  a e t io lo g ic a l  agents w ith  the  age 
o f  ca lves  a t  which d isease occurred . Thus, F ie ld  (1 9**8) s ta te d  th a t  
the m a jo r i ty  o f  sa lm o n e llo s is  cases in calves  have occurred in animals  
o f  7“28 days, a lthough on occasions calves  have been found to  be a f fe c te d  
w ith  a sa lm onella  bacteraem ia w i th in  the  f i r s t  few days o f  l i f e .
Gibson (1961) eva lu a ted  data  d e r iv e d  from c a l f  carcasses  
examined a t  V e te r in a ry  In v e s t ig a t io n  Centres in England and Wales 
between November 1959 and October I960  and found th a t  most deaths were  
asso c ia ted  w ith  E . col i and occurred during  the  f i r s t  week o f  l i f e  
whereas deaths due to  sa lm o n e llo s is  occurred m ostly  between the second 
week and t h i r d  month o f  l i f e .  However, t h is  work was done before  
d is t in c t io n  was p oss ib le  between non-pathogenic  and pathogenic (e n te r ic )  
s t r a in s  o f  E. col ? and b e fo re  the s ig n i f ic a n c e  o f  e n t e r ic  v i r a l  d isease  
was f u l l y  a p p re c ia te d .  A cres , Saunders and R a d o s ti ts  (1977) found
th a t  ETEC was p r im a r i ly  a d isease o f  ca lves  under f i v e  days o f  age, 
whereas ro ta v iru s  was m ostly  assoc ia ted  w i th  f i v e  to  ten  day o ld  c a lv e s .
Morin and o thers  (1978) eva lu a ted  the  r e l a t i v e  importance o f  
vario u s  agents involved in NCD by studying 51 d ia r r h o e ic  ca lves  one to  
15 days o f  age which had been ob ta ined  a l i v e  f o r  necropsy w i th in  two 
days o f  the onset o f  d ia rrh o ea  and 21 normal ca lves  examined as c o n t r o ls .  
M u l t ip le  or combined in fe c t io n s  were common: v iru s e s  were im p lic a te d  as
a e t io lo g ic a l  agents in 70 per c e n t ,  C ry p to s p o r id ia  in 33 per cent and 
ETEC in 29 per cent o f  d ia r r h o e ic  c a lv e s .  Again ETEC was found to  be 
a disease o f  calves u s u a l ly  less  than fo u r  days o f  age (80% o f  the  
cases) and v iruses  and C ry p to s p o r id ia  were the most common a e t io lo g ic a l  
agents im p lica ted  in the ca lves  which became d ia r r h o e ic  a f t e r  fo u r  days 
o f age. The h ighest inc idence o f  NCD asso c ia ted  w ith  v iru s e s  occurred  
between fo u r  and e ig h t  days o f  age. That septicaem ia  due to  in vas ive  
s t r a in s  o f E . col I was not observed is  not s u rp r is in g  s in ce  the  l a t t e r  
cause a n o n -e n te r ic  d isease and r e s u l t  in r e l a t i v e l y  sudden death;  
moreover, a f fe c te d  calves  may not have d ia rrh o ea  o r  a l im e n ta ry  t r a c t  
les io n s  (Moon, 197*+). R ecently  T z ip o r i  (1980) a ls o  attem pted to  d e f in e  
d if fe re n c e s  between ETEC, r o ta v iru s  and c ry p to s p o r id ia l  in fe c t io n s  on 
th e  basis o f  age inc idence .
An appra isa l o f  records on NCD re ve a ls  c e r t a in  s i m i l a r i t i e s  
between the various in c r im in a te d  organisms, i r r e s p e c t iv e  o f  type:
( l )  short incubation  p e r io d ,  u s u a l ly  one t o  two days, and (2) the  age 
o f  a c a l f  a t  the  onset o f  d isease is  more r e la te d  to  managemental 
p ra c t ic e s  or environment o f  the c a l f  than the  in f e c t i v e  agent per s e . 
a t  le a s t  in the case o f  neonatal d isease caused by Salmonel la  sp.
Thus, F ie ld  (19*f8) and Gibson (1961) s ta te d  th a t  ca lves  succumbed to  
acute  septicaem ic  s a lm o n e llo s is  w i th in  the  f i r s t  few days o f  l i f e  on ly
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In  herds in which known sa lm onella  a d u l t  c a r r ie r s  were present and th is  
view is  supported by the  ob serva tio n  o f  Lawson and o th ers  (197*0 on 
the epidem iology o f  S. d u b lin  in fe c t io n  in a d a i ry  herd c o n ta in in g  
c a r r i e r  a d u l t  cows. in the  l a t t e r  s tu d y , the  f i r s t  s ic k  c a l f  "became 
i l l  showing pyrex ia  and r e s p i r a to r y  symptoms" when on ly  two days o ld .  
S h o r t ly  a f t e r  th is  most o f  the young ca lves  in  the same pen showed 
symptoms and seven o f  the  13 ca lves  were found to  be e x c re t in g  the  
organism. The same authors (Lawson and o th e rs ,  197*0 observed th a t  
th e re  was a s ig n i f ic a n t  d i f fe r e n c e  in the incidence o f in fe c t io n  between 
vary in g  ages o f  c a lv e s .  A l l  the  neonate calves  ra p id ly  became in fe c te d  
fo l lo w in g  exposure w h i ls t  the o ld e r  ca lves  v a r ie d  in response. P e t r ie ,  
Selman, G r in d la y  and Thompson (1977) a ls o  rep o rted  th a t  the f i r s t  c a l f  
to  become i l l  in an outbreak  o f  S. e n t e r i t i d i s  was seen on the  morning 
o f  I t s  t h i r d  day o f  l i f e  w ith  a profuse d ia r rh o e a ,  suggesting in fe c t io n  
occurred  on the  c a l f ' s  f i r s t  o r  second day o f  l i f e ,  and possib ly  even 
before  b i r t h .  D iarrhoea was m ain ly  confined to  ca lves  born subsequently  
and deaths were m ain ly  confined to  the  younger members o f the  group.
They specu la ted  th a t  the dam might have g iven r i s e  to  a congen ita l or  
e a r ly  neonatal in fe c t io n  o f  i t s  own c a l f  which then d issem inated the  
organism throughout the  group, o r  th a t  the  c a l f  was born in to  a h e a v i ly  
contaminated environment.
Woode, Jones and B r id g er  (1975) s ta te d  th a t  in experim ental  
In fe c t io n  o f  calves w ith  r o ta v i r u s ,  the  incu b at io n  perio d  in  the c a l f  
increased w ith  age, being up to  th re e  days in  animals aged about l*f days. 
Osborne and o thers  (197**) found th a t  e x c re t io n  o f  sa lm onella  organisms 
among purchased calves rose to  a peak u s u a l ly  by the  second week a f t e r  
a r r i v a l .  By b io typ in g  o f  is o la te s  o f  5 . d u b l in .  they showed th a t  
spread occurred through environmental co n tam in a tio n .
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The above records suggest th a t  th e  age a t  which a c a l f  is  
in troduced in to  a contaminated environment and the immune s ta tu s  o f  
the  c a l f ,  r a th e r  than the  a e t io lo g ic a l  agent per s e . w i l l  determ ine the  
acuteness and s e v e r i ty  o f  neonatal in f e c t io n .  This  may e x p la in  why 
in fe c t io n s  l i k e  sa lm o n e llo s is  which more commonly a f f e c t s  one to  fo u r  
week o ld  calves  (F ie ld ,  19**8) is  u s u a l ly  m anifes ted  as an acute  disease  
in  neonate (u s u a l ly  home-bred ca lves  ( F ie ld ,  19^8) ) but is  less  severe  
in o ld e r  (mostly purchased calves  (Stevens, Gibson and Hughes, 1967) ) .
Discuss ion
As la b o ra to ry  techniques became more s o p h is t ic a te d ,  so d id  
the frequency and number o f  m icro-organisms is o la te d  from cases and 
in c id en ts  o f  NCD in c rease . The experim ental p roduction  o f  NCD w ith  an 
ever increas ing  nunber o f  organisms has confounded ra th e r  than c l a r i f i e d  
the s i t u a t io n  and th e re fo re  NCD has been termed "a d isease complex11 
(Morin and o th e rs ,  1978; R a d o s t i ts ,  1980 and Snodgrass and o th e rs ,  1980) . 
However, the r e la t i v e  importance o f  the  organisms in the  w ider context  
o f  NCD is  as y e t  undefined .
Studies on outbreaks o f  NCD have recorded concurrent in fe c t io n s  
w ith  var io u s  pathogens (Acres and o th e rs ,  1977; Morin and o th e rs ,  1978;  
Snodgrass and o th e rs ,  1980) and another co m p lica tio n  is  th a t  one 
outbreak  o f  col ib a c i l  1 os is  might in vo lve  ten  or more serotypes hence i t  
is  o f te n  d i f f i c u l t  or impossible to  in c r im in a te  o n ly  one organ ism ' during  
an outbreak  o f  NCD (Anon, 1 9 7 5 ) .
The dem onstration o f  the p a th o g e n ic ity  o f  NCD v iru s e s  has led  
to  a reassessment o f  the  r o le  o f  colostrum in p ro te c t in g  ca lves  a g a in s t  
NCD and sep ticaem ia . For example, both in  the  USA and in the  UK, ca lves  
in beef herds which p r a c t is e  s in g le  su ck lin g  appear to  be p a r t i c u l a r l y
kO
su s c e p tib le  to  d isease assoc ia ted  w ith  r o ta v iru s  (Woode and o th e rs ,  1975) 
which is widespread in bovine p o pu la tion  (Morin and o th e rs ,  1978) 
although th e re  a re  no re p o rts  o f  d e ta i le d  in v e s t ig a t io n s  in to  the  t ru e  
immune s ta tu s  o f both dams and o f fs p r in g s  and, in p a r t i c u l a r ,  whether  
or not most disease in c id e n ts  a re  due to  new ly -acqu ired  in fe c t io n s .
Woode, Jones and B rid g er (1975) found th a t  o ra l  cha llen g e  o f  
f i v e  7 days o ld  co lo stru m -fe d  ca lves  w ith  r o ta v ir u s  re s u lte d  in profuse  
y e l lo w  d ia rrho ea  even though the n e u t r a l is in g  t i t r e s  o f  the calves  s e r a '  
a g a in s t  ro ta v iru s  before  in fe c t io n  v a r ie d  between 1 /4 0  and 1 /1 6 0 .  The 
to t a l  immunoglobulin le v e ls  were not g iv e n ,  but i t  was s ta te d  th a t  
evidence from two o ther calves  e x p e r im e n ta l ly  in fe c te d  w ith  the  v iru s  
showed th a t  a p o s t -c o lo s t ra l  serum an tibody  t i t r e  o f  1 /320  was p r o te c t iv e .  
A ls o , because the  n e u t r a l is in g  t i t r e  o f  the  colostrum  fed  to  the calves  
which became d ia r rh o e ic  was 1 /6 4 0 ,  i t  was in fe r r e d  th a t  th e  le v e l  o f  
antibody in the colostrum or m i lk  needed f o r  p ro te c t io n  may be 
r e l a t i v e l y  h ig h . However, not enough in fo rm atio n  was o f fe r e d  regard ing  
the e f f i c ie n c y  o f  an tibody abso rp t io n  from co lostrum . In f a c t ,  the  
success o f these authors in  reproducing NCD in co lo s tru m -fe d  ca lves  
might have been due to  having fed th e  ca lves  " w i th in  24 hours o f  b i r t h  
w ith  500 mis o f  co lostru m ", an amount Selman and o th ers  (1971b) po inted  
out would in any case lead  to  inadequate le v e ls  o f  serum immunoglobulins 
In c a lv e s 1 sera and consequently  h igher s u s c e p t i b i l i t y  to  NCD.
The feed ing  o f  s ev e re ly  preheated s p ra y -d r ie d  m i lk  to  colostrum  
fed  ca lves  re s u lte d  in d ia rrh o ea  w ith  up to  30 per cent red u ctio n  In  
weight gain in th e  f i r s t  th re e  weeks o f  l i f e  " in  the  absence o f  an 
in fe c t io u s  agent"  (Shi 11am and Roy, 1 9 6 3 ) .  S ince th e re  was no marked 
d i f fe r e n c e  between m i ld ly  heated and s e v e re ly  heated m i lk  in  the  
u t i l i s a t i o n  o f the  a p p a re n tly  d igested  n itro g e n  or in  th e  b io lo g ic a l
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values o f  p ro te in s ,  the r o le  o f  NCD v iru s e s  In the pathogenesis o f  such 
d ia rrh o ea  and lower w eight gains m e r its  f u r t h e r  in v e s t ig a t io n .
h i
OTHER NEONATAL CALF DISORDERS
R e s p ira to ry  diseases rank next to  d ig e s t iv e  d iso rd ers  as 
causes o f  neonatal c a l f  losses (Table  6) .
P i r i e  (1979) s ta te d  th a t  in c o n tra s t  to  the s i t u a t io n  
encountered in o ld e r  c a lv e s ,  re s p i r a to r y  d iseases a re  not common in  
calves  less  than one month o ld ,  but when they  do o ccur, they u s u a l ly  
in vo lve  th e  lower r e s p i r a to r y  t r a c t .  However, ca lves  w ith  severe  
neonatal d ia rrh o ea  p a r t i c u l a r l y  those which are  recumbent a re  f re q u e n t ly  
tachypnoeic  and hyperpnoeic . These signs a re  more l i k e l y  to  be the  
r e s u l t  o f  re s p i r a to r y  compensation fo r  a m e ta b o lic  a c id o s is  fo l lo w in g  
neonatal d ia rrh o ea  ra th e r  than the r e s u l t  o f  an in fe c t io u s  pneumonia.
On the  o th e r  hand, ca lves  w ith  neonatal d ia rrh o ea  do sometimes develop  
acute e xu d a tive  pneumonias and animals which have been in l a t e r a l  
recumbency fo r  several days may develop h y p o s ta t ic  pneumonia (O b i, 1 9 7 9 ) .
Prem aturely  born c a lv e s ,  in f re q u e n t ly  show severe dyspnoea 
w ith  mouth b re a th in g .  Severe ly  a f fe c te d  calves  d ie  and a t  necropsy 
the  lungs are  heavy and dark  red due to  a t e le c t a s i s ,  severe pulmonary 
congestion and oedema. The c o n d it io n  is thought to  r e s u l t  when a c a l f  
is  born be fore  i t s  s u r fa c ta n t  producing type I I  pneumocyte c e l l s  in the  
lungs a re  mature ( P i r i e ,  1 9 7 9 ) .  A s p ira t io n  pneumonia develops when a 
c a l f  in h a les  m a te r ia l  in to  the lower r e s p i r a to r y  t r a c t .  I t  may r e s u l t  
from ca lves  being forced to  d r in k  from a bucket o r  c are le s s  drenching  
( P i r i e ,  1 9 7 9 ) .  Pulmonary abscesses can fo l lo w  incomplete recovery
from one o r  more episodes o f  an acute  e xu d a tive  pneumonia. They can a ls o
a r is e  as p a rt  o f  a septicaem ia  fo l lo w in g  o m p h a lo p h leb it is  when they a re
u s u a l ly  m u l t ip le  and in several lobes o f  th e  lungs ( P i r i e ,  1 97 9 ).
Congenital c a rd ia c  diseases such as v e n t r ic u la r  septa l d e fe c t  
may lead  to  the development o f  acute  l e f t  h e a r t  f a i l u r e  and pulmonary
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oedema when the  d e fe c t  is  la rg e  ( P i r i e ,  1 9 7 9 ) .
C o lis ep t ic a em ia  and o c c a s io n a l ly  in fe c t io n  w ith  o th e r  b a c t e r ia ,  
re s u l ts  in  a severe systemic r e a c t io n ,  o r  a bacteraem ia w i th  few o r  no 
systemic s ig ns , fo llo w ed  by lo c a l i s a t io n  in various  organs. L o c a l is a t io n  
is  most common in j o i n t s  producing a su p p u ra tive  o r  non-suppurative  
a r t h r i t i s .  Less commonly th e re  is lo c a l i s a t io n  in the  eyes to  produce 
a p a n o p h th a lm it is ,  on the  h e art  va lves  to  cause v a lv u la r  e n d o c a rd i t is  
or in th e  meninges to  produce m e n in g it is .  Calves which a re  d e f i c ie n t  
in immunoglobulins a re  most s u s c e p t ib le  to  septicaem ia  (Gay, 1965;
McEwan and o th e rs ,  1965; Blood and o th e rs ,  1 9 7 9 ) .
Ingram ( i 960) examined 131 colostrum deprived ca lves  th a t  had 
died  from E. c o l i  in fe c t io n  and found th a t  o f  131 deaths r e s u l t in g  from 
Bacterium (Escherich ia ) c o l i  in fe c t io n s ,  73 were due to  c o l is e p t ic a e m ia  
w h ile  58 were due to  w h ite  scours; the remaining 17 cases o f  septicaem ia  
were a t t r ib u t e d  to  agents o th e r  than B a c t. (E.) c o l i . J u s t  as E . c o l i  
is  c la im ed to  be the most common b a c t e r ia l  cause o f NCD, i t  seems 
probable  th a t  c o l i -s e p t ic a e m ia  is  the  most common a e t io lo g y  o f  
septicaem ias in neonatal c a lv e s .
F ie ld  (19^*8) noted th a t  ca lves  have been found to  be a f fe c te d  
w ith  a salm onella  bacteraem ia during  the  f i r s t  two to  th re e  days o f  l i f e .  
S. d u b lin  was recovered from the h e ar t  b lood, l i v e r ,  lungs , and sp leen .  
Gibson (1961) s ta te d  th a t  acute  septicaem ic  form o f  S. d u b l in  in fe c t io n  
may develop when the c a l f  o f  an a p p a re n tly  u n in fe c te d  cow, w ith o u t  
c o lo s t ra l  a n t ib o d ie s  acqu ires  in fe c t io n  soon a f t e r  b i r t h .  Of course ,  
a s im i la r  s i t u a t io n  might w e ll  a r is e  when a c a l f  f a i l s  to  absorb s p e c i f i c  
antibody even though such a n t ib o d ie s  e x is t  in i t s  dam*s co lostrum .
Other b a c te r ia  assoc ia ted  w ith  septicaem ia  o f  newborn calves  
inc lude L i s t e r i a  monocytogenes (Blood and o th e rs ,  1979) . P a s te u re l1 a sp. 
(W ith ers , 1952) ,  Pasteurel la  m ultoc ida  (Blood and o th e rs ,  1 9 7 9 ) ,  
Pneumococcus s p . ,  Staphylococcus sp. and Streptococcus sp. (Donald and 
Mann, 1950; W ith e rs ,  1 9 5 2 ) .  A part from l o c a l i z a t io n  a f t e r  bacteraem ia  
or sep ticaem ia , om pha loph leb it is  may r e s u l t  from in fe c t io n  o f  navel cord.  
In  a d d i t io n  to  the  organisms which can cause sep t ic a em ia , Corynebacterium  
pyogenes and Spharophorus necrophorus can a ls o  cause p o l y a r t h r i t i s  in  
calves (Blood and o th e rs ,  1 9 7 9 ) .
**6
SUMMARY
Most calfhood losses occur during  the  f i r s t  month o f  l i f e ,  
m o r t a l i t y  ra te  being h ighest during th e  f i r s t  week o f  l i f e  and then  
p ro g re s s iv e ly  decreasing w ith  age. U s u a l ly ,  most deaths occur in  
housed calves  during  the  c o ld es t  months o f  th e  y e a r .  E a r l i e r  impression  
th a t  th e  e f f e c t  o f  w in te r  was more pronounced in  Scotland than in England 
and Wales was shown to  be la r g e ly  due to  d i f fe re n c e s  in husbandry methods 
(Leech and o th e rs ,  1968; Selman and o th e rs ,  1971b ). The h igher  
m o r t a l i t y  ra tes  in males than in  females during  the  f i r s t  week o f  l i f e ,  
and v ic e  versa in subsequent weeks was a t t r ib u t e d  to  the p r a c t ic e  o f  
disposal o f  ca lves  fo r  s a le  or s la u g h te r  which d i f f e r e d  between breeds 
and sexes e s p e c ia l ly  among d a iry  breeds (Love ll  and H i l l ,  19^0; Leech 
and o th e rs ,  1968) ;  b u ll  ca lves  e s p e c ia l ly  o f  poor b ee f-p roduc ing  breeds  
such as A y rs h ire s ,  were u s u a l ly  disposed o f  during  the  f i r s t  week o f  l i f e .
Increase in m o r t a l i t y  r a te  w ith  herd s iz e  (Leech and o th e rs ,  
1968; Speicher and Hepp, 1973; and Oxender and o th e rs ,  1973) has been 
ascr ib ed  to  enlargement o f  m i lk in g  f a c i l i t i e s  and number o f  cows w ith o u t  
changes in c a l f - r a i s i n g  f a c i l i t i e s  o r  la b o u r ,  and increases in po p u la tio n  
d e n s ity  o f  animals in l a r g e r  herds which might c o n tr ib u te  to  spread o f  
in fe c t io n s  (Oxender and o th e rs ,  1 9 7 3 ) .
Calves are  p a r t i c u l a r l y  prone to  neonatal in fe c t io n s  because 
they a re  born agammaglobulinaemic and a re  dependent upon a c q u ir in g  
re s is ta n c e  to  enteropathogens w i th in  the  f i r s t  few hours o f  l i f e  
(Selman, 1 973 ).  Th is  re s is ta n c e  is  co n fe rred  by immunoglobulins which 
are  th e  c h ie f  p ro te c t iv e  fa c to rs  o f  colostrum  (Blakemore and o th e rs ,
19^8; Aschaffenburg and o th e rs ,  19^3a,b) . There is  a d i r e c t  
r e la t io n s h ip  between the amount o f  immunoglobulin absorbed by new-born
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calves  and t h e i r  chances o f  s u rv iv in g  th e  neonatal p e r io d  (Gay, Anderson, 
F is h er  and McEwan, 1965) and fa c to rs  resp o n s ib le  fo r  the  marked in d iv id u a l  
v a r ia t io n s  in the p o s t -c o lo s t ra l  serum g lo b u l in  c o n ce n tra t io n  o f  young 
calves  have now been d e f in e d .  Calves born outdoors achieved the h ighest  
serum immunoglobulin v a lu e s ,  those born in  loose-boxes a t ta in e d  
in te rm ed ia te  values and those born in byres (where the  dams were t i e d  
by the  neck) achieved the  le a s t  va lues (Selman and o th e rs ,  1971b).
Thus, the e f f e c t  o f p lace o f  b i r t h  appeared to  be r e la te d  to  the  ease 
w ith  which e a r ly  suckling  took p lace  (Selman, 1 9 7 3 ) .
P ro te c t io n  o f  the  newborn animal by both s p e c i f i c  and non­
s p e c i f ic  a n tib o d ies  d e r ived  from colostrum  have been demonstrated; 
however the r e la t i v e  importance o f  both in neonatal c a l f  d ia rrh o ea  is  
s t i l l  a moot p o in t .  R esu lts  o f  a ttem pts  to  co n tro l neonatal c a l f  
d ia rrh o ea  by v ac c in a t io n  o f  the dams have been equivocal (Acres and 
R a d o s t i ts ,  1976 ).  A ls o ,  the  presence o f  r e l a t i v e l y  high serum t i t r e s  
o f  a n t ib o d ies  derived  from colostrum in t e r f e r e  w ith  the a c t iv e  
production o f a n t ib o d ies  in young animals (Ingram and Sm ith, 1965) and 
hence the v a c c in a t io n  o f  a c a l f  born to  a cow r e s is t a n t  fo r  example to  
foot-and-m outh d isease must be delayed and t h is  may p lace  the young 
animal a t  r i s k .  N e v erth e le ss , v a c c in a t io n  o f  dams plays an im portant  
r o le  in  the  contro l o f  c e r t a in  d is eases , f o r  example, the  c l o s t r i d i a l  
diseases o f  sheep.
In B r i t a i n ,  a r t i f i c i a l  feed in g  systems a re  most w id e ly  adopted  
on c a l f - u n i t s  o f  d a iry  farms and f o r  r a is in g  calves  so ld  o f f  d a iry  herds  
f o r  beef p roduction; re c o n s t i tu te d  m i lk  s u b s t i tu te  powders a re  u s u a l ly  
fed  to  calves  because they a re  cheaper than fre s h  whole m i lk .  The 
re c e n t ly  introduced a c i d i f i e d  m i lk  powders a re  cla imed to  be su p er io r  
to  the  more conventional m i lk  powders because o f  a decreased tendency
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fo r  souring once they were re c o n s t i tu te d  and a l le g e d  d ia rrh o ea  p reven tin g  
p ro p e r t ie s .  W hile  th e re  is  s t i l l  much debate about these c la im s , th e re  
is no doubt th a t  the feed in g  o f  cold a c i d i f i e d  m i lk  is  assoc ia ted  w ith  
markedly lower labour c o s ts .
E. col i was the c h ie f  pathogen asso c ia ted  w ith  neonatal c a l f  
d iarrh o ea  u n t i l  recen t years when several o th e r  micro-organisms in c lu d in g  
v iru s e s ,  b a c te r ia  and chlamydia is o la te d  f o r  cases o f  NCD were used to  
reproduce the  d isease . The r e l a t i v e  importance o f  the  in c r im in a te d  
organisms in the w ider context o f  NCD is  as yet undefined and NCD is  
s t i l l  regarded as a d isease complex (Morin and o th e rs ,  1980; R a d o s t i ts ,
1980; and Snodgrass and o th e rs ,  1 9 8 0 ) .  At the present t im e ,  ETEC, 
ro ta v iru s e s ,  coronaviruses and, p o s s ib ly ,  C ry p to s p o r id ia  a re  considered  
to be o f  major importance.
Compared w ith  NCD, o th e r  neonatal diseases a re  o f  on ly  minor 
s ign i f ic a n c e .
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SECTION H
NEONATAL CALF DISEASE: NEONATAL DISEASE PROBLEMS ON ONE FARM IN THE
WEST OF SCOTLAND BETWEEN SEPTEMBER. 1979 AND MAY. 1980
INTRODUCTION
An exam ination o f  the l i t e r a t u r e  regard ing  neonatal c a l f  
diseases in B r i t a in  has emphasised the  overwhelming importance o f  
neonatal c a l f  d ia rrh o ea  (NCD) and a t t e n t io n  has a lre a d y  been drawn to  
th e  p a r t i c u l a r l y  high prevalence o f  th is  problem on d a iry  farms in the  
West o f  Scotland.
In th e  summer o f  1979, a lo ca l v e t e r in a r y  p r a c t i t io n e r  
requested help in d e a l in g  w ith  an indoor c a l f  pneumonia problem which 
appeared to  be in creas in g  in s e v e r i ty  on one o f  h is  c l i e n t ' s  farm s. In
the  absence o f d e ta i le d  in fo rm atio n  regard ing  the  exact c l i n i c a l  and 
ep idem io lo g ica l fe a tu re s  in previous y e a rs ,  i t  was decided to  o f f e r  a 
continua l m onitoring  s e rv ic e  throughout the  fo l lo w in g  w in te r  so th a t  
in d iv id u a l  ca lves and c a l f  groups could be examined a t  le a s t  once weekly  
throughout the f i r s t  few months o f  l i f e .
Thus, i t  became p oss ib le  to  note and record a l l  d isease  
problems whenever they a ro se , q u i te  a p a r t  from the  main one o f  c a l f  
pneumonia and a ls o  to  become in t im a te ly  f a m i l i a r  w ith  the  housing,  
feed in g  and o th e r  managemental procedures on t h is  fa rm . In  a d d i t io n ,  
a l l  c a lves  were sampled w i th in  one week o f  b i r t h  in  order to  e s ta b l is h  
t h e i r  serum le v e ls  o f  p a s s iv e ly -a c q u ire d  c o lo s t ra l  g lo b u l in .
There fo l lo w s  an account o f  the various  d isease problems which 
were d e te c te d ,  to g e th e r  w ith  the re s u l ts  o f  the  serum immunoglobulin
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survey. An outbreak  o f  s a lm o n e llo s is  and an account o f  th e  c a l f  
re s p i r a to r y  d isease problem which arose during  th e  o b serva tio n  p e r io d ,  
a re  presented s e p a ra te ly  in Chapters 2 and 3 o f  t h is  th e s is ,  r e s p e c t iv e ly
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MATERIALS AND METHODS
The farm
The farm e s t a t e ,  about 1600 a c re s ,  co n s is ts  o f  two h i l l  cow 
u n i ts  and two d a i r y  farm s. The m on ito r ing  e x e rc is e  described  in th is  
re p o r t  was c a r r ie d  out on one o f  the d a i ry  farm s, namely Chapel Farm, 
Houston, S tra th c ly d e  which occupies about 190 acres o f  the to t a l  
p ro p e r ty .  There a re  about 120 F r ie s ia n  cows on the  farm . They a re  
housed f o r  w in te r  in c u b ic le s  and th e  bas ic  fodder r a t io n  is  s e l f - f e d  
grass s i la g e .  The farm is low ly in g  and a l l  o f  the land is  p loughable .  
Under normal c ircum stances, the a d u lt  c a t t l e  a re  a t  grass from mid or  
l a t e  A p r i l  to  mid o r  l a t e  October. One dairyman m ilks  and manages the  
a d u l t  herd w ith  occasional he lp  a t  weekends.
Almost a l l  o f  the cows and h e i fe r s  a t  Chapel farm ca lv e  during  
the  months o f  October, November and December. A l l  o f  the  d a iry  ca lves  
are  re ta in e d  e i t h e r  as replacement females or fo r  f a t t e n in g  in a 
b a r le y -b e e f  system. Th is  l a t t e r  e n te r p r is e  is  c a r r ie d  out in a new ly-  
b u i l t  s la t t e d  f lo o r  shed w ith  a to t a l  c a p a c ity  fo r  250 b u l ls  which a re  
u s u a l ly  s laughtered  a t  around 12 months o f  age.
The Chapel farm h e i f e r  ca lves  a re  reared  in  good c a l f -h o u s in g  
u n i ts  u n t i l  around th re e  to  fo u r  months o f  age a f t e r  which tim e they  
are  e i t h e r  reared in a la rg e  open co u rt  u n t i l  s ix  to  seven months o f  age 
o r sent to  another farm where they stay u n t i l  they a re  due to  c a lv e .
I f  space p e rm its ,  h e i f e r  ca lves  from the  o th e r  d a i ry  u n i t  a re  a ls o  
reared  u n t i l  th re e  to  fo u r  months a t  Chapel Farm. The b u l l  ca lves  
e n te r  the  bu ll  beef u n i t  a t  about th re e  to  fo u r  months o f  age and in  
order to  keep th a t  u n i t  a t  f u l l  c a p a c i ty ,  up to  50 F r ie s ia n  b u l l  ca lves  
were purchased during  the spring  o f  1980 from lo c a l  farms and m arkets .
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These l a t t e r  ca lves  were a ls o  reared  through the  same young c a l f  
accommodation as the Chapel Farm c a lv e s .  C e r ta in  pens in the b u ll  u n i t  
a re  a ls o  used to  house a c e r t a in  number o f  weaned beef (su ck le r)  ca lves  
from the h i l l  u n i ts .
|
I C a l f  accommodationI '
|
I Every a ttem pt is made to  in troduce  the  i n - c a l f  cows and
h e i fe r s  to  the c a lv in g  pens a few days b e fo re  the  expected date  o f  
p a r t u r i t io n  and v i r t u a l l y  no calves  a re  born in the  c u b ic le s .  Newborn 
calves  a re  a llowed to  suck t h e i r  dams fo r  2k-kS  hours a f t e r  which they  
are  removed and placed in  one o f  the  var ious  c a l f  houses.
! A l l  the calves  a re  reared  by a f u l l - t i m e  c a l f - r e a r e d ,  a l l  a re
ear-tag g ed  a t  b i r t h  o r  on a r r iv a l  a t  the  c a l f -h o u s e .
I
I
[ The ca lves  are  penned s in g ly  fo r  fo u r to  s ix  weeks, depending
|
on the  number o f  ca lves  re q u ir in g  such accommodation. However, due to
|
| pressure on space a t  the peak o f  c a lv in g ,  ca lves  seldom stayed in the  
s in g le  pens f o r  more than fo u r  weeks. On two occasions during  the
I
ob serva tio n  p e r io d ,  due to  shortage o f  s in g le  pens, two calves  were put 
in  a pen meant f o r  a s in g le  c a l f .  A f t e r  a perio d  in s in g le  pens, the  
calves  were t r a n s fe r r e d  to  la r g e r  pens designed to  hold th re e  c a lv e s .  
L a t e r ,  on weaning a t  about 12 weeks o f  age, ca lves  were t ra n s fe r r e d  to  
the "small c o u r t"  ( a f t e r  removal o f  temporary pen p a r t i t io n s )  or to  the  
" la rg e  (open) c o u r t"  where they were then in groups o f  up to  **0 an im a ls .  
At t im e s , a batch o f  ca lves  remained in the  group pens fo r  up to  an 
a d d it io n a l  two weeks -  u n t i l  some o thers  were weaned and ready f o r  group 
housing. At th is  s tag e , ca lves  were o f te n  brought down from the o th e r  
d a iry  farm to  make up numbers.
The b u l l  ( f a t te n in g )  u n i t  which became o p e ra t iv e  m id-1977  
could hold up to  250 an im a ls , in groups o f  te n ,  on a s la t t e d  f l o o r .
53
These animals were fed on a ba r ley -b ased  r a t io n  ad 1 ib itum  and they  
were s laughtered  a t  11-12  months o f  age a t  which tim e they weighed 
400-450  kilogrammes.
Feeding systems
Home-bred ca lves  were a llow ed to  be suckled by t h e i r  dams fo r  
24-48  hours a f t e r  which they were taken to  the c a l f  accommodation.
U n t i l  weaning the  calves were fed  co ld  " a c id 11 m i lk  s u b s t i tu te  
(A c id o la c ;  Volac L t d . ,  H e r ts . )  ad 1 ibiturn through te a ts  from e i t h e r  
buckets (s in g le  pens) or bins (group p en s). The m i lk  s u b s t i tu te  powder 
was re c o n s t i tu te d  by the  c a l f  a t te n d a n t  tw ic e  d a i l y  (mornings and 
afte rn o o n s) in a tank  and then put in to  buckets and bins as re q u ire d .  
U s u a lly  one te a t  was a v a i la b le  in  each pen, i r r e s p e c t iv e  o f  the  number 
o f  ca lves  p re se n t.  O c c a s io n a l ly ,  m i lk  in  a b in  was o f te n  shared by 
calves  In two ad jace n t group-pens through t e a t s .  Once, a c a l f  (C215) 
was taken away from the c a lf -h o u s e  to  be " fo s te re d "  by a c u l l -c o w  th a t  
had m a s t i t is .
Concentrate cake (q u ic k le t te s )  and hay were introduced to  the  
calves  a t  about one week o f  age and fed ad 1 ib i  turn u n t i l  weaning.
A f t e r  weaning th e  calves  were fed  hay and a b a r le y /b a la n c e r  
r a t io n  throughout t h e i r  s ta y  in the  small a n d /o r  open ( la rg e )  c o u r t .
The problem
Both d a i ry  farms on ly  experienced s p o ra d ic ,  in d iv id u a l  
pneumonias in calves  u n t i l  about the  m iddle  o f  1977 when th e  s i t u a t io n  
appeared to  be worsening, a t  le a s t  a t  the  farm in which t h is  study was 
undertaken. The farm manager became w o rr ied  about th e  end o f  1977 when 
two ca lves  d ied  in  one week ( th e re  were no deaths during  the  previous  
18 months) .
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Post mortem exam ination was c a r r ie d  out by the  general 
p r a c t i t io n e r .  One death was ascribed  to  pneumonia and the  o th e r  to  
u m b il ic a l  cord in f e c t io n .  Since th a t  t im e ,  pneumonia had become a 
*hnajor i r r i t a t i o n "  in th a t  w h i le  no deaths have o ccurred , neverth e less  
very many calves re q u ire d  tre a tm e n t .  Moreover, both the  manager and the  
c a l f  a t te n d a n t were o f  the  o p in ion  th a t  the standard trea tm en t ( th a t  i s ,  
in tram uscular procaine p e n i c i l l i n  and s treptom ycin ) was g ra d u a l ly  
becoming less  e f f e c t i v e  and more ca lves  were re q u ir in g  more than one 
course o f  tre a tm en t .
The c a l f  a t te n d a n t cla im ed th a t  the  f i r s t  s ign o f  t ro u b le  was 
th a t  ca lves  were in c l in e d  to  e a t  less  co n ce n tra te  and by th e  next day 
they were obv iously  d u l l ,  coughing on ly  became an obvious fe a tu r e  in  
In d iv id u a ls  a f t e r  t h i s .  Whenever several cases occurred s im u ltan e o u s ly ,  
which was becoming in c re a s in g ly  common, th e re  was a f a i r  amount o f  
background coughing, th a t  i s ,  in the  o th e r  c a lv e s . .  In 1978, the  
problem s ta r te d  in  January and l a t t e r l y ,  ca lves  were said  to  develop  
signs a t  an e a r l i e r  stage in t h e i r  l i v e s .  However, most t ro u b le  
occurred in the  c a lf -h o u s e  a f t e r  groups o f  th re e  o r  fo u r  were formed 
a t  around f i v e  weeks o f  age. A few is o la te d  cases had occurred e a r l i e r  
than t h is  w h ile  some calves  were in  s in g le  pens and a number o f  
sporadic  cases occurred in  open c o u r ts .
Thus the o rder o f  appearance o f  the  c l i n i c a l  syndrome was 
given as anorex ia  (co n c en tra tes ,  not m i l k ) ,  d u l ln e s s ,  tachypnoea and 
cough. The cough was sa id  to  be " t h in "  and "not too  troublesom e".
The ca lves  were h a rd ly  ever  very d u l l  and a lthough r o u t in e  tem p e ra tu re -  
ta k in g  d id  not take  p la c e ,  few f e l t  h o t .  A f t e r  one to  two days th e re  
was u s u a l ly  a nasal d ischarge  la s t in g  f o r  a week, but no o c u la r  d isch arg e .  
In  the p a s t ,  ro u t in e  trea tm en t had cons is ted  o f  p e n i c i l l i n  and
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streptom ycin  (5 -8  mis Depomycin, Mycofarm L t d . ,  Essex) fo r  th re e  days. 
This had worked w ell  in th a t  the calves  b rig h ten ed  and coughing was 
reduced and chron ic  pneumonias were r a r e ,  n e v e rth e les s  about tw o - th ird s  
o f  the  calves  req u ired  two courses and a few needed th re e  courses o f  
t re a tm e n t .  The general p r a c t i t io n e r  sought th e  a ss is ta n c e  o f  the  
r e s p i r a to r y  disease research team o f  the U n iv e r s i ty  o f  Glasgow V e te r in a ry  
School in the  hope th a t  the  problem could be b e t t e r  d e fin ed  and, 
h o p e fu l ly ,  c o n t r o l le d .  The farm manager was o f fe r e d  weekly c l i n i c a l  
v i s i t s ,  monthly b leed ing  o f  some calves  and market v a lu e  fo r  any (b u l l )  
ca lves  th a t  might be s a c r i f ic e d  f o r  d e ta i le d  p a th o lo g ica l and 
m ic ro b io lo g ic a l  s tudy.
In mid-September, 1979* th e re  was an outbreak  o f  a d isease  
- problem which was i n i t i a l l y  considered by the  farm s t a f f  as being m erely  
a more severe form o f  the pneumonia problem. T h is  cu lm inated  in the  
death o f  a c a l f  on September 26 , 1979 and led  to  the  beginning o f  the  
m o n ito r in g  exerc ises  reported  below.
V i s i t i n g  and recording procedures
The farm was v is i t e d  a t  le a s t  once a week between September 
27 , 1979 and May 7 , 1980. During each v i s i t  the  lo c a t io n  o f  each c a l f  
was recorded , s ic k  animals were c l i n i c a l l y  examined and th e  f in d in g s  
recorded . A note-book was l e f t  w ith  the  c a l f - r e a r e r  f o r  record ing  
the  date  o f  b i r t h  and o th e r  p a r t ic u la r s  o f  ca lves  in  the  c a l f -h o u s e .  
I n i t i a l l y ,  no a ttem pt was made to  in f lu e n c e  the  husbandry p ra c t ic e s  o f  
th e  farm but s ince the  acute  problem r e fe r r e d  to  above was q u ic k ly  
confirmed as being due to  s a lm o n e l lo s is ,  c e r t a in  m o d if ic a t io n s  (see 
l a t e r )  were necessary. However the  m o d if ic a t io n s  d id  not appear to  
a l t e r  the  prevalence o r  course o f  the  r e s p i r a to r y  problem.
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L a b o ra to ry  procedure
Blood samples were c o l le c te d  from the  ju g u la r  ve ins  o f  a l l  
ca lves  in to  p la in  evacuated v a c u ta in e r  tubes (B ecton-D ick inson , U .S .A .)  
on 2 7 /9 /7 9 ,  2 0 /1 1 /7 9  and 22 / 1/ 8 0 . At a l l  o th e r  v i s i t s ,  blood samples 
were taken from n ew ly -in troduced  ca lves  and s ic k  c a lv e s .  Rectal swabs 
were taken from a l l  ca lves  in to  s t e r i l e  c o n ta in ers  (Exogen L t d . ,  Scotland)  
on 2 8 /9 /7 9  and 2 0 /1 1 /7 9 .  At a l l  o th e r  v i s i t s ,  re c ta l  swabs were taken  
from a l l  the  n ew ly -in troduced  calves  and s ic k  c a lv e s .
The Z inc  Sulphate  T u r b id i ty  (ZST) values were determ ined by 
the method described by McEwan, F is h e r ,  Selman and Penhale (1 9 7 0 ) .  The 
i s o la t io n  and id e n t i f i c a t i o n  o f  Salmonel1 a organisms were done by the  
methods described by P e t r ie  and o th ers  (1 9 7 7 ) .
The serum an tibody  t i t r e  le v e ls  to  P I -3  v iru s  were determined  
by the  h a e m a g g lu t in a t io n - in h ib i t io n  t e s t .  The n e u t r a l i z a t io n  index  
o f  serum a n tib o d ies  to  RSV was estim ated  and expressed as lo g .  
in a c t iv a t io n  v a lu e s .
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RESULTS
( I )  Neonatal c a l f  d ia rrh o ea
The t o t a l  number o f  home-bred ca lves  m onitored from the  tim e  
they were penned s in g ly  was 101 and a p a r t  from an i n i t i a l  ou tbreak  o f  
sa lm one llos is  (see Chapter 2) no major problems were encountered during  
the f i r s t  month o f  l i f e  o f  the ca lves  which approximated the  period  
during  which they were kept in s in g le  pens.
Seven ca lves  (C23, C36 , 0^5, C^7, C53, C66 and C7*0 or seven 
per cent were seen d ia r r h o e ic  during the  m on ito r ing  p e r io d . Two calves  
(C23 and C36) were d ia r r h o e ic  on September 2 8 , 1979, another two (C**5
and C53) on October 9 ,  1979, and C6 6 , C^7 and C7^ on November 6 , 1979,
November 19, 1979 and November 30, 1979 r e s p e c t iv e ly .  The c l i n i c a l  
records on d ia r rh o e ic  ca lves  are  presented on Appendix 2 , Tab le  2 .
The consistency o f  faeces was u s u a l ly  s e m i-s o l id  o r  m oderate ly  
f l u i d .  I t  was never p ro fu se , w atery  or accompanied by blood or shreds
o r  casts  o f  mucus. D iarrhoea on the  farm u s u a l ly  occurred during  the
week fo l lo w in g  in t ro d u c t io n  o f the ca lves  to  " a c id "  m i lk .  I t  was 
always t ra n s ie n t  and was never accompanied by any apparent serious  
sickness or death .
( i i )  Other d isease problems
Apart from the  neonatal ca lves  invo lved  in the  outbreak  o f  
s a lm o n e llo s is ,  on ly  one c a l f  (C7*f) was ever found to  be p y rex ic  (103 . 3°F) 
and markedly d u l l .  At 13 days o f  age (on November 30, 1979) th is  c a l f  
a ls o  had mucopurulent nasal d ischarges and s e m i - f lu id  fa e ce s . The 
reason fo r  th is  was never e s ta b l is h e d  although i t  was f e l t  th a t  the  
s l ig h t  d ia rrh o ea  was probably due to  the  recen t change to  " a c id "  m i lk ;  
the  c a l f  was c l i n i c a l l y  h e a lth y  during  the  next and subsequent v i s i t s .
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Only one neonatal c a l f  (C219) was ever judged pneumonic. I t  
was found to  be coughing f re q u e n t ly  when 21 days o ld  (A p ri l  2k , 1 9 8 0 ).
A week l a t e r  (May 1 , 1 9 8 0 ) ,  i t  was in  s te rn a l  recumbency w ith  the  neck 
extended; i t  had a mucopurulent nasal d ischarge  and was coughing f a i r l y  
f r e q u e n t ly .  The r e s p i r a to r y  ra te  was about 60 /m inu te  and e x p ir a t io n  
was accompanied by g ru n t in g .  During the  next (and la s t )  v i s i t  (May 7, 
1980) ,  the c a l f  was much improved a lthough s t i l l  s l i g h t l y  depressed and 
tachypnoeic (48/mi n ) .  According to  the  c a l f  r e a r e r ,  a lthough the  c a l f  
was "heav ing", i t  was never o f f - f e e d  and was not t r e a te d .
The next two c l i n i c a l  syndromes ( a r t h r i t i s  and hyperhydros is) 
described below were not s t r i c t l y  confined to  neonatal ca lves  but were 
included in th is  p a rt  o f  the  th e s is  fo r  convenience o n ly .  A ls o , the  
t ru e  s ig n if ic a n c e  o f S. d u b lin  in the pathogenesis o f  some or a l l  the  
cases o f  a r t h r i t i s  was not e s ta b l is h e d  and i t  was thus f e l t  th a t  the  
l a t t e r  cases should not be included in the  d e s c r ip t io n  o f  d isease due 
to  S. d u b l in .
On September 27 ,  1979 two ca lves  were noted to  have en larged  
j o i n t s :  c a l f  C6 had a swollen l e f t  s t i f l e ,  i t  was lame and the  re c ta l
swab taken from i t  on September 2 8 , 1979 was p o s i t i v e  f o r  S. d u b l in . 
Although c a l f  C8 had a swollen r ig h t  carpal j o i n t  i t  was not lame. 
O therw ise , both calves  were normal and were moved out o f  the  c a l f  house 
a f o r t n ig h t  l a t e r .  Three ca lves  (C20, C2k and C36) which were 
c l i n i c a l l y  s ic k  during an outbreak  o f  d isease due to  S. d u b lin  were 
k i l l e d  on October 29, 1979 because, a lthough c l i n i c a l l y  recovered , they  
were not t h r iv in g  and had, in a d d i t io n ,  developed en larged  j o i n t s .  The 
j o i n t s  o f  c a l f  C20 were g ro ss ly  en larged  and conta ined  a l o t  o f  pus and 
excess f l u i d ;  C. pyogenes and Aerococcus v ir id a n s  were is o la te d  from  
the  contents o f the  j o i n t s .  The j o i n t s  o f  c a l f  C24 were s l i g h t l y
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en larged  and contained excess f l u i d ;  a lthough re c ta l  swabs taken from  
the c a l f  on September 2 8 , October 9 ,  and October 17, 1979 were p o s i t iv e  
f o r  S. d u b l in . no organisms were recovered from the j o i n t s .  The j o i n t s  
o f  c a l f  C36 were g ross ly  en larged  and conta ined a l o t  o f  pus and 
excessive  amounts o f  f l u i d ;  B a c i l lu s  cereus and C . pyogenes were 
recovered from the contents  o f  the  j o i n t s .  D e ta i ls  o f  the p a th o lo g ica l  
and m ic ro b io lo g ic a l  f in d in g s  on the j o i n t s  o f  these ca lves  a re  presented  
in  Appendix 6 .
During a p re l im in a ry  v i s i t  b e fo re  the beginning o f  
in v e s t ig a t io n s  (Ju ly  6 , 1 97 9 ) ,  i t  was a l le g e d  by the  c a l f  a t te n d a n t  th a t  
two ca lves  sweated p ro fu se ly  fo r  about one week e a r l i e r  in t h e i r  l i v e s .  
At th e  tim e o f the  v i s i t  the  calves  were about fo u r  months o ld  and t h e i r  
exact ages when the  sweating occurred was unknown. The c a l f  a t te n d a n t  
said  th a t  such sweating a ls o  occurred in a fo u r weeks o ld  c a l f  (C216) 
during th e  week preceding the  v i s i t  o f  March 2 6 , 1980. At th a t  time  
th e re  were f i v e  o th e r  ca lves  in the "8 -b y re n but on ly  C216 was a f fe c te d  
and th e  on ly  abnorm ality  n o ticed  was profuse sweating which la s te d  fo r  
about two days and then ceased. The c a l f  was o therw ise  normal and no 
a b n o rm a li t ie s  were d etected  u n t i l  the l a s t  v i s i t  (May 7 , 1 98 0 ).
Serum immune g lo b u l in  con cen tra t io n s
The d i s t r ib u t io n  p a tte rn  o f  the serum ZST values (a measure 
o f the  immune g lo b u l in  s ta tu s ) fo r  a l l  ca lves  born between October 1979 
and May 1980 is  shown on F ig u re  I .  The ZST values fo r  ca lves  born 
between June and September 1979 were excluded because they were more 
than a week o ld  a t  the  beginning o f  the s tud ies  and th e  readings  
obta ined would not have been a t ru e  r e f l e c t i o n  o f  t h e i r  p o s t -c o lo s t ra l  
immunoglobulin s ta tu s .
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Figure 1
The d is t r ib u t io n  p a t te rn  o f  ZST values f o r  d a iry  
calves  born between O ctober, 1979 and May, 1980.
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Host o f  the  ca lves  achieved high serum ZST v a lu e s . The mean 
ZST values fo r  ca lves  born between October 1979 and May 1980 was 2 1 .4  
u n i t s .  F i f t y - o n e  o f  66 ca lves  (77.2%) a t ta in e d  le v e ls  in excess o f  
15 ZST u n its  and on ly  n ine  calves  (13.6%) a t ta in e d  less  than 10 ZST u n i t s .  
The ZST values fo r  a l l  ca lves  are  conta ined in Appendix 2 and the  mean 
monthly values a re  shown on F ig u re  2 .  The mean monthly ZST values  
d ec lin ed  (from October 1979, mean monthly va lu e  26.1 u n its )  w ith  the  
s e v e r i ty  o f  w in te r ,  and was lowest during  the  c o ld es t  month (January  
1980 , mean monthly va lue  1 5 .0  u n i t s ) ,  i t  then markedly rose again  during  
A p r i l  1980 (mean monthly va lu e  2 7 .5  u n i t s ) .
The ZST values f o r  the  seven d ia r r h o e ic  ca lves  ranged between 
2 .3  and 3 2 .2  u n i t s .  The mean va lue  (2 3 .3  u n its )  was h igher but not 
s ig n i f i c a n t l y  d i f f e r e n t  from the mean va lue  f o r  a l l  c a lv e s .
The ZST value  fo r  the  d u l l  and p yrex ic  c a l f  (C74) was 32.1
u n i ts .
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Figure 2
The mean monthly ZST values a t ta in e d  by d a iry  calves  
born between October, 1979 and Hay, 1980.
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DISCUSSION
A part from an outbreak  o f  s a lm o n e l lo s is ,  no s ig n i f i c a n t  
neonatal problems were encountered during  the  period  o f  s tudy . The 
f a c t  th a t  the  farm monitored was one o f  a few in  the  south-west o f  
Scotland where c a l f  d ia rrh o ea  was not a problem is  not s u rp r is in g  in  
l i g h t  o f  the  high serum immunoglobulin le v e ls  a t ta in e d  by the  calves  
fo l lo w in g  s u c k l in g ,  the  high standard o f  husbandry and a very  e f f i c i e n t  
c a l f  r e a r e r .  The f a c t  th a t  s in g le  pens were used during  th e  f i r s t  
few weeks of l i f e  may w e ll  have l im i t e d  the  spread o f  in fe c t io n  during  
th e  f i r s t  few c ru c ia l  months o f  l i f e  and i t  is  q u i te  p o s s ib le  t h a t ,  
coupled w ith  the high average ZST v a lu e s ,  the e a r ly  in tro d u c t io n  to  
" a c id "  m i lk  was a ls o  o f  major importance in the preven tion  o f  neonatal 
c a l f  d ia rrh o e a .
F ive  cases o f  a r t h r i t i s  occurred during the  ob serva tio n  period  
The ages o f  the  a f fe c te d  ca lves  ranged from e ig h t  to  ten  weeks. Three  
cases appeared to  be r e la te d  to  the  outbreak  o f  sa lm o n e llo s is  but 
d e t a i le d  pa th o lo g ica l and m ic ro b io lo g ic a l  in v e s t ig a t io n  f a i l e d  to  
in c r im in a te  salm onella  in the  d isease problem. Thus, the  t ru e  cause 
o f  the  problem in these and the  o th e r  two calves  was not d e f in e d .
No f i n a l  d iagnosis  was made as to  the  cause o f  th e  excessive  
sweating in one c a l f  (C216) a lthough i t  is  in te r e s t in g  th a t  two o th ers  
had been recognised as having the  problem in the  recen t p a s t .  There  
appears to  be no records on th is  c o n d it io n  although Larson and P r io r  
(1971) reported  s ix  cases o f  hyperhydros is (s ic )  in  ca lves  which was, 
in a d d i t io n  to  excessive  sw eating , c h a ra c te r is e d  by sk in  and eye les io n s
The high ZST values a t ta in e d  by most ca lves  was c o n s is te n t  
w ith  t h e i r  having been born in loose-boxes and then l e f t  w ith  t h e i r  dams
f o r  a t  le a s t  12 hours (Selman and o th e rs ,  1971b ). Monthly  v a r ia t io n s  
In  ZST values were c le a r l y  e v id en t during  t h is  survey d e s p ite  the  f a c t  
th a t  the calves  were born under the  same c ircum stances . R esu lts  o f  a 
farm survey by Selman and o thers  (1971b) confirm ed e a r l i e r  suggestions  
th a t  the  managemental d i f fe re n c e s  a sso c ia ted  w ith  summer and w in te r  
c a lv in g  might be resp o n s ib le  f o r  the  marked seasonal v a r ia t io n  n o ticed  
in  the serum immunoglobulin con ce n tra t io n s  o f  newborn A y rs h ire  b u ll  
ca lves  in the west o f  S co tlan d . However, as the Chapel Farm ra is e d  
on ly  F r ie s ia n  c a t t l e  under the same management system throughout the  
y e a r ,  th is  v a r ia t io n  in immunoglobulin le v e ls  between months is d i f f i c u l t  
to  e x p la in .  Selman (1973) pointed out th a t  the  e f f e c t  o f  the  p lace  o f  
b i r t h  appeared to  be r e la te d  to  the  ease w ith  which e a r ly  su ck lin g  can 
ta k e  p la ce ;  s ince  ( i )  a seasonal v a r ia t io n  in c o lo s t ra l  immunoglobulin  
content does not occur (Selman, 1 9 6 9 ) ,  0 0  low ambient tem peratures do 
not depress the a b so rp t iv e  e f f i c ie n c y  o f  newborn ca lves  (Selman, McEwan 
and F is h e r ,  1971a) and ( i i i )  calves born in the f i e l d  achieved h igher  
immunoglobulin le v e ls  than those born in boxes (Selman and o th e rs ,  1971b) 
i t  is  probable th a t  e x te rn a l  fa c to rs  such as s l ip p e r y  f lo o r s  might have 
prevented newborn ca lves  from standing f o r  s u f f i c i e n t l y  long periods to  
ingest adequate colostrim i in  the  c ru c ia l  f i r s t  hours o f  l i f e  during  the  
c o ld e r  months. Another p o s s i b i l i t y  is th a t  the  ca lves  might have been 
a llow ed  to  stay w ith  t h e i r  dams f o r  s h o r te r  lengths  o f  t im e during  the  
depth o f  the w in te r  when the farm s t a f f  were p a r t i c u l a r l y  busy o r  even 
th a t  the  la c k  o f a r t i f i c i a l  l i g h t  in th e  c a lv in g  pens adverse ly  a f fe c te d  
th e  chances o f some ca lves  born during  the  e a r ly  evening s u c c e s s fu l ly  
s u ck lin g  t h e i r  dam's w i th in  the  f i r s t  few hours o f  l i f e .
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CHAPTER 2 
BOVINE SALMONELLOSIS
SECTION I
BOVINE SALMONELLOSIS: A REVIEW OF THE LITERATURE
INTRODUCTION
Disease problems r e s u l t in g  from in fe c t io n  w ith  a nianber o f  
serotypes o f  Salm onella  s p . ,  or  s a lm o n e llo s is ,  occur u n iv e r s a l ly  and in  
a l l  species (Blood and o th e rs ,  1 9 7 9 ) .
Serious production  losses can r e s u l t  from sa lm o n e llo s is  in 
a l l  age groups o f  domestic animals and b ird s  and the young, i r r e s p e c t iv e  
o f  species and environm ent, a re  most s u s c e p t ib le  to  c l i n i c a l  in fe c t io n  
(Buxton, 1 95 7 ) .  S a lm onellosis  can lead  to  severe d is turbances  and 
deaths in c h i ld re n  and man (Hobbs, 197 *0 .  Some sa lm onella  organisms 
are  r e a d i ly  t ra n s m it te d  from animal to  man and v ic e  v e rs a ,  and because 
losses may re s u l t  e i t h e r  way s a lm o n e llo s is  is  o f  cons iderab le  p u b lic  
h e a lth  importance. I t  is fo r  th is  reason th a t  in B r i t a i n ,  sa lm o n e llo s is  
Is  grouped along w ith  b ru c e l lo s is  f o r  c o n s id e ra t io n  under the  Zoonoses 
Order 1975. In fe c t io n  o f  c a t t l e  w ith  salm onella  organisms may r e s u l t  
in a v a r ie t y  o f  c l i n i c a l  syndromes in c lu d in g  d ia r rh o e a ,  s e p t icaem ia ,  
a b o r t io n  and chron ic  i l l - h e a l t h .  As in o th e r  s p ec ie s ,  young c a t t l e  a re  
more s u s c e p tib le  than a d u lts  to  acute  and f a t a l  in fe c t io n s ,  a lthough in  
severe epidemics a d u l t  c a t t l e  may succumb (Buxton, 1 9 5 7 ) .
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EPIDEMIOLOGICAL CONSIDERATIONS 
D is t r ib u t Io n
Salmonel1 a d u b lIn  and S. typhimurium are  the  most common 
serotypes Is o la te d  from c a t t l e  a lthough the d is t r ib u t io n  o f  the  two 
serotypes d i f f e r s  between c o u n tr ie s  (Gibson, 1 9 6 5 ) .  U s u a lly  e i t h e r  
S. d u b lin  or S. typhimurium predominates in an area (Wray and So jka ,  
1 97 7 ) .
Buxton (1957) s ta te d  th a t  5 . d u b lin  is w id e ly  d is t r ib u t e d  
throughout the world and is  the commonest serotype a f f e c t in g  c a t t l e .  
Blood and o thers  (1979) remarked th a t  i t  has a more patchy h a b i ta t  
compared to  S. typhimurium. In f a c t ,  S. d u b lin  may be absent or r a r e ,  
In some parts  o f  the  w o r ld ,  and i t  has not been recorded in c a t t l e  in  
New Zealand (Gibson, 1 9 6 5 ) ,  F in land  (Stenberg, 1967; T a k a la ,  1973) and 
Canada (Blood and o th e rs ,  1 97 9 ) .
5 . typhimurium is  ub iq u ito u s  (Buxton, 1957; Blood and o th e rs ,  
1979) but only  predominates in c a t t l e  where S. d u b l in  is  absent o r  r a r e ,  
such as the United S ta tes  o f  America (Morse, Duncan, Baker and o th e rs ,
1976) , New Zealand (Nottingham, Penney and Wyborn, 1972) and F in land  
(T a k a la ,  1973).
Apart from S. d u b lin  and S. typhim urium . S. newport is  
im portant in North America (Morse and o th e rs ,  1976) and in B r i t a i n  
(S o jka , Wray, Shreeve and Benson, 1 9 7 7 ) .  S. e n t e r i t i d i s  has been 
is o la te d  in Europe, B r i t a i n ,  A f r ic a  and the  Americas; and although i t  
has a wide age-range , i t  e x e r ts  i t s  most ser ious  e f f e c t s  among young 
calves  o f  about two to  fo u r  weeks o f  age (Buxton, 1 9 5 7 ) .
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Bovine sa lm one llos is  in B r i t a in
P r io r  to  the  enactment o f  the  Zoonoses O rder, 1975, the  
la b o ra to ry  s e rv ic e  o f  the  M in is t r y  o f  A g r ic u l tu r e  had been examining  
la rg e  q u a n t i t ie s  o f  samples throughout the  c o u n try ,  and t h e i r  data  are  
b e lie v ed  to  g iv e  a reasonably accu ra te  in d ic a t io n  o f  the  inc idence o f  
salm onella  in fe c t io n s  in  farm animals and p o u lt ry  in  England and Wales 
(Sojka and F ie ld ,  1970) .
Prevalence
The number o f  in c id e n ts  o f  s a lm o n e llo s is  recorded in c a t t l e  
in  England and Wales between 1958 and 1978 a re  given in Table  7. The 
number o f  sa lm onella  in c id e n ts  in c a t t l e  reached a peak in 1969. Th is  
was due to  a r is e  in S. d u b lin  in c id e n ts  up to  4012 (89 .2% ), the h ighest  
since the records s ta r te d  in 1958. The h ighest number o f  S.typhimurium  
in c id e n ts  a c t u a l ly  exceeded th a t  o f  S. d u b lin  in 1976 and 1978. The 
r e la t i v e  importance o f  serotypes o th e r  than S. d u b lin  or S. typhimurium  
have been in creas in g  s ince 1973 when 63 serotypes were is o la te d  from 383 
in c id e n ts  (14.6% o f  a l l  bovine s a lm o n e l la e ) .
The incidence o f  sa lm o n e llo s is  increased w ith  increased  
in t e n s i t y  o f  husbandry (S tevens, Gibson and Hughes, 1967) and s tocking  
d e n s ity  (Richardson and Watson, 1 9 7 1 ) .  S. d u b l in  is  endemic where*  
rough graz in g  is common, where c a t t l e  d r in k  from streams or dykes or  
where l i v e r  f lu k e  in fe c t io n  is  common (Wray and S o jka , 1 9 7 7 ) .  In  th e  
t r a d i t io n a l  c a t t l e  r a is in g  regions o f  Wales and West Country o f  England,  
S. dubl in is said  to  be endemic in a d u l t  c a t t l e  but less  common in  
calves  (Wray and S o jka , 1 9 7 7 ) .
Outbreaks o f  S. typhimurium a re  u s u a l ly  s p o ra d ic ,  do not 
p e r s is t  from season to  season except in a m obile  host po p u la tio n  w ith
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TABLE 7
In c id en ts  o f  bovine sa lm o n e llo s is  in England and Wales
1958 -  1978
Year S. d u b lin S. typhimurium
Other
serotypes
A l l
serotypes
1958 115 67 6 188
1959 *+60 173 19 652
I960 *f60 186 2*+ 670
1961 250 76 27 353
1962 309 85 20 *+l*+
1963 *+37 13*+ 12 583
1964 692 230 25 9*+7
1965 960 720 3*+ 171*+
1966 1137 388 31 1556
1967 1539 332 20 1891
1968 1970 511 27 2508
1969 *+012 *+15 71 *f*+98
1970 3056 426 85 3567
1971 207*+ 337 77 2*+88
1972 168*+ 588 8*+ 2356
1973 l*+3*+ 802 383 2619
197*+ 1216 706 368 2290
1975 868 NA NA NA
1976 568 680 3*+*+ 1556
1977 *+29 388 239 1033
1978 507 578 152 1237
*  F igures f o r  1958-197*+ were obta ined  from Wray and S o jka , 1977.
F igures fo r  1975-1978 were compiled from ADAS/MAFF Animal 
Salm onellosis  (Reports under Zoonoses O rder, 1975) 1977 and 1978 
Annual Summaries.
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constant mixing o f  in fe c te d  and n o n - in fe c te d  s u s c e p t ib le  animals such 
as the passage o f  ca lves  through c o l le c t io n  cen tres  or d e a le rs  yards  
(Hughes, Gibson, Roberts and o th e rs ,  1 9 7 1 ) .  The sudden increase in the  
i s o la t io n  o f  serotypes o th e r  than S. d u b lin  and S. typhimurium from 1973 
co incided  w ith  the period  o f  acute  shortage o f  animal p ro te in  feed in g  
s t u f f s  in May 1973, and i t  has been suggested th a t  i t  is  th e re fo re  
l i k e l y  th a t  many o f  the serotypes is o la te d  during  t h is  period  had t h e i r  
o r ig in  in imported animal feeds (Sojka and o th e rs ,  1977 )•
I t  is  claimed th a t  both m o rb id ity  and m o r t a l i t y  f ig u re s  may 
reach 100 per cent among ca lves  a f fe c te d  w ith  S. du b lin  (L o v e l l ,  1931; 
Richardson, 197*0 although in c id en ts  a re  u s u a l ly  less  d ram atic  than t h i s .
Richardson and Watson (1971) e va lu a ted  the  e f f e c t  o f  S. d u b lin  
on calves  in l8*f farms w i th  confirmed S. dubl in ou tb rea ks . Of the 6239  
calves  a t  r i s k  2087 (33.5%) were c l i n i c a l l y  i l l  and about h a l f  the  calves  
which became i l l  d ie d .  They (Richardson and Watson, 1971) s ta te d  th a t  
m o r t a l i t y  appeared to  be ra th e r  h e av ie r  in purchased groups o f  c a lv e s ,  
although th is  was c e r t a in ly  not apparent from t h e i r  r e s u l t s .  Gibson 
(1961) a ls o  s ta te d  th a t  th e  p ro p o rt io n  o f  S. typhimurium in fe c t io n  was 
higher in purchased than in  home bred c a lv e s .  Calfhood in fe c t io n  w ith  
S. typhimurium and o th e r  serotypes c lo s e ly  resemble th a t  w ith  S. d u b lin  
( F ie ld ,  19**8; 19*+9). P e t r ie  and o thers  (1977) recorded m o rb id ity  and 
m o r t a l i t y  f ig u re s  o f  100 and 33V3 per c e n t ,  r e s p e c t iv e ly ,  during an 
outbreak  o f  d isease due to  S. e n t e r i t i d i s  in  c a lv e s .
The m o rb id ity  r a te  from sa lm one llos is  in a d u l t  c a t t l e  is  
u s u a l ly  less  than in  c a lv e s .  Thus, Richardson and Watson (1971) found
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th a t  on 41 farms w ith  confirmed s a lm o n e llo s is ,  o n ly  60 cows y ie ld e d  
S. d u b lin  from faeces or re c ta l  swabs, th a t  the  g re a te s t  number a f fe c te d  
In  any one herd was n in e ,  and th a t  case f a t a l i t y  r a te  was 28 /6 0  (46 .7% ).  
On another 31 farms on ly  th re e  o f  36 cows in which a b o r t io n  was ascr ib ed  
to  S. dubl in "were sa id  to  have been i l l  and none d ie d " .  However, the  
common view is  th a t  50 per cent o r  more o f  c l i n i c a l l y  a f fe c te d  cows, 
e s p e c ia l ly  those w ith  e n t e r i t i s ,  d ie  (Gibson, 1961; Stevens and o th e rs ,  
1967; Richardson, 1974; 1975b ). Wray and Sojka (1977) s ta te d  th a t  
m o r t a l i t y  in un trea ted  outbreaks may reach 75 per cent but could be 
reduced to  about 10 per cent w ith  t re a tm e n t .
Aet io logy
I t  has a lre a d y  been mentioned th a t  S. d u b lin  and S. typhimurium  
a re  the  most common causes o f  bovine sa lm o n e llo s is  in B r i t a i n .  As from  
1973 many o th er  serotypes have been in c r im in a te d  in the  outbreaks o f  
disease w ith  increasing  frequency . Up to  12 serotypes may be is o la te d  
during  an outbreak o f sa lm o n e llo s is  (ADAS, 1977) but most outbreaks are  
ass o c ia te d  w ith  only  one s e ro typ e . A part from S. d u b l in  and 
S. typhimurium o th er  serotypes commonly is o la te d  from d isease outbreaks  
in  c a t t l e  inc lude S. anatum. S. e n t e r i t i d i s . S. v irchow . S. h ad ar.
S. new port. S. q iv e . S. m ontevideo. S. Ind iana and S. i n f a n t i s .
In tro d u c t io n  o f  salm onellae  in to  herds
-  “ C a r r ie r "  animals:
Salmonella in fe c t io n  is  in troduced in to  c lean  herds by bought-  
in  a d u l t  c a r r i e r  c a t t l e  (Gibson, 1965) o r  calves  purchased fo r  in te n s iv e  
re a r in g  (Wray and S o jka , 1 9 7 7 ) .  The b o ught-in  animal could have got 
th e  in fe c t io n  on i t s  farm o f  o r i g i n ,  w h i le  in  t r a n s i t ,  in  markets or in  
c o l le c t in g  centres  (Gibson, 1 9 6 5 ) .  The i n t e n s i f i c a t io n  o f  husbandry
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methods In B r i t a in  has re s u lte d  in  a high percentage o f  ca lves  purchased 
f o r  re a r in g  passing through d e a le rs .  Such ca lves  might have passed 
through several premises and a re  q u i te  o f te n  conveyed in crowded and 
sometimes u n s u ita b le  t ra n s p o r t  over long d is tan ce s  (Anderson, 1 9 6 8 a ,b ) .  
Leech and others  (1968) recorded t ra v e l  d is tan ces  from south west 
England to  north  Scotland ( th a t  i s ,  about 500 m iles ) ; 18 per cent o f
purchased calves t r a v e l le d  d is tan ces  above 100 m i le s ,  and an average  
o f  17 calves  per lo r r y  fo r  long d is ta n c e s .  S. typhimurium spread can 
be fu lm in a t in g  under such c o n d it io n s ,  r e s u l t in g  in up to  100 per cent 
in fe c t io n  (Anderson, 1 9 6 8 a ,b ) . For example, 73 per cent o f  S .typhimurium  
s t r a in s  is o la te d  from c a t t l e  in 1965 belonged to  one phage type 29  which  
was r e l a t i v e l y  rare  before  1963. Most is o la te s  were from in te n s iv e ly  
reared calves (Anderson, 1 9 6 8 a ,b ) .
G ro n s to l , Osborne and Pethiyagoda (197**a,b) s tud ied  the  e f f e c t  
o f t ra n s p o r ta t io n  e x p e r im e n ta l ly  and rep o rted  th a t  in a d d i t io n  to  cross ­
in f e c t io n ,  s tress  a c t iv a te d  l a t e n t  in fe c t io n  in ca lves  whose faeces had 
been n eg at ive  fo r  salm onellae  during  the previous f i v e  weeks. Other  
workers have a lso  reported  h igher in fe c t io n  ra te s  on re a r in g  farms than  
on breeding (home) farm s. Rankin and T a y lo r  (1969, 1970) recorded  
about one per cent sa lm onella  in fe c t io n  on home farms and 3.** per cent  
on re a r in g  farms. Osborne, L in to n  and Pethiyagoda (197*0 found 3 .1 6  
per cent on home farms and k .k3  per cent on a r r i v a l  a t  th e  re a r in g  farm ;  
no serious outbreak o f  d isease occurred however.
I t  has been suggested th a t  th e re  is  no r e la t io n s h ip  between 
the is o la t io n  o f  the (sa lm onella) organism and th e  incidence o f  d isease  
and th a t  the  repeated swabbing o f  the  same in d iv id u a ls  would in e v i ta b ly  
lead  to  an e v e r - in c re a s in g  number o f  p o s i t iv e  cases (Anon, 1975) .
Guinee, Edel and Kampelmacher (1987) found th a t  a lthough S. typhimurium
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spread ra p id ly  to  in fe c t  most o f  the  ca lves  in one p a r t i c u la r  group, no 
c l i n i c a l  signs were observed in any an im a ls .
Husbandry seems to  p lay  an im portant r o le  in preven ting  
in fe c t io n  lead ing  to  d isease . Heard, Jennett and L in to n  (1972) s tud ied  
s a lm o n e llo s is  on fo u r farms and found th a t  on a " w e l l - r u n "  farm , a lthough  
th e  incidence o f  sa lm onella  in fe c t io n  was h ig h , l i t t l e  d isease was 
observed. On a "p o o r ly - ru n "  farm, in fe c t io n  re s u lte d  in c l i n i c a l  
disease d e sp ite  the  use o f  a n t i b i o t i c s  and v a c c in a t io n s .  F ish er  and 
o th ers  (1976) suggested th a t  high serum immunoglobulin le v e ls  p ro te c t  
calves  a g a in s t  death from neonatal sa lm o n e llo s is  and t h is  p ro te c t io n  is  
not n e c e s s a r i ly  due to  the  presence o f  s p e c i f ic  a n t ib o d ie s .
A co n s iderab le  nLsnber o f  c l i n i c a l  S. dubl in cases in a d u lts  
rep resen t a c t iv a t io n  o f  l a t e n t  in fe c t io n  and the  in tro d u c t io n  o f  
in fe c t io n  may sometimes precede the  development o f  c l i n i c a l  d isease by 
several months o r  years (Gibson, 1 9 6 5 ) .  T h is  phenomenon has sometimes 
led  in v e s t ig a to rs  to  a t t r i b u t e  in fe c t io n  to  somewhat u n l ik e ly  sources.
-  Contaminated fe e d s tu f fs  and f e r t i l i s e r s :
Organic products such as bone m eal, d r ie d  blood and meat m eal, 
f i s h  meal and fe a th e r  meal a re  w id e ly  used in animal fe e d s tu f fs  and may 
be an im portant source o f  sa lm o n e llo s is  (Wray and S o jka , 1 9 7 7 ) .  However, 
the  bu lk  o f  animal feed c o n s is ts  o f  meals o f  veg e ta b le  o r ig in  and 
salm one llae  have a ls o  been is o la te d  from such meals as co tto n  seed, 
coconut, sunflower seed, groundnut meal and lu cern  meal (Wray and S o jka ,  
1977 )•  S h o r t ly  a f t e r  beginning to  feed a new batch o f  c o n ce n tra te s ,  
c l i n i c a l  sa lm o n e llo s is  developed in a d a i r y  herd and p e rs is te d  f o r  
several weeks; a to t a l  o f  12 serotypes was recorded from c l i n i c a l l y  
a f fe c te d  an im als , and 18 from the contaminated feed  (ADAS, 1 9 7 7 ) .
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Although many animal fe e d s tu f fs  are  heat t r e a t e d ,  they may be 
recontaminated (Bowmer, 1 9 6 5 ) .  In fe c t io n  could a ls o  r e s u l t  from  
contaminated m i lk  and m ilk  products ( G r in i ,  19^9) and s to red  colostrum  
(Palmer and Mudd, 197*0 . A rap id  increase in number o f  S. dubl in 
organisms may occur in l i q u id  feed in a c a t t l e  p ip e l in e  when the  ambient 
tem perature  exceeds 10°C (O 'B r ie n ,  McParland, McCaughey and M cC le lla n d ,  
1972) .
Organic f e r t i l i s e r s  are  w id e ly  used on high production  farms 
and a re  o f te n  contaminated w ith  salm onellae  (W il l ia m s ,  1 97 5 ) .  Walker 
(1957) found 3*t sa lm onella  serotypes in *+0 per cent o f  examined o rg an ic  
f e r t i l i s e r s .
F in d lay  (1971, 1972, 1973) s tud ied  the  p e rs is te n ce  o f  
salm onellae  in s lu r r y  and on p a s tu re .  He (F in d lay ) found th a t  
salm onellae  survived  fo r  18-33 weeks in s lu r r y  and fo r  13-2*t weeks when 
spread on pasture and concluded th a t  sewage sludge used as a f e r t i l i s e r  
is  a p o te n t ia l  source o f  sa lm o n e llo s is  f o r  g raz in g  an im a ls . However, 
T a y lo r  (1973) grazed 12 calves  on pasture  which had been sprayed one 
week p re v io u s ly  a t  the  r a te  o f 1 1 .2  k l /h a  (1000 g a l lo n s /a c re )  w ith  s lu r r y  
c o n ta in in g  10^ 5 . d u b lin  (S t ra in  51) per m l. Although is o la t io n  o f  
S. d u b l in  were made d a i ly  from pasture  over f i v e  weeks, the  organism was 
is o la te d  from a c a l f  on one occasion o n ly .  T a y lo r  concluded th a t  under 
the  co n d it io n s  o f  the  experim ent, the  r i s k  to  the  h e a l th  o f  g raz in g  
ca lves  was not g r e a t .  S im i la r  re s u l ts  were obta ined  by Wachnik (1963) 
who over a fo u r  year period found no evidence o f  sa lm o n e llo s is  in h e i fe r s  
grazed on pasture th re e  weeks a f t e r  i t  had been i r r ig a t e d  w ith  sewage, 
and by Jorgensen (1962) who grazed 10 c a t t l e  fo r  up to  22 weeks on 
pasture i r r ig a t e d  weekly w ith  sew age-po llu ted  w a te r .
7*f
Opinion is d iv e rs e  on the  s u rv iv a l  o f  sa lm onellae  in t re a te d  
sewage. Inal (1956) found th a t  tre a tm en t o f  sewage e f f e c t i v e l y  removed 
organisms, the is o la t io n  ra te  f a l l i n g  from 22 per cent be fo re  to  s ix  per 
cent a f t e r .  Schaaf and Hagens (1963) noted no change in salm onellae  
co n ce n tra t io n  during processing o f  sewage, and Schaaf and A t te v e ld  (1965) 
rep o rted  th a t  the numbers could a c t u a l ly  increase during sewage t re a tm e n t .  
McLachlan (1949) is o la te d  various  sa lm onella  serotypes from sludge a f t e r  
15 week trea tm ent and Strauch (1964a) a f t e r  18 months. F in d lay  (1973) 
s ta te d  th a t  S. d u b l in . S. typhimurium and S. aqama m u l t ip l ie d  in s t e r i l e  
sewage sludge and s t e r i l e  c a t t l e  s lu r r y .  Braga (1964) found th a t  the  
s u rv iv a l  was re la te d  to  tem peratu re , h igher tem peratures reducing  
s u r v iv a l .  Jones (1976) noted th a t  decreased pH was d e tr im en ta l to  the  
s u rv iv a l  o f  sa lm onellae  and suggested th a t  t h is  may be due to  the  
t o x i c i t y  o f  ac id  compounds produced during  s to ra g e .  Jones (1976) a ls o  
noted th a t  storage o f  s lu r r y  fo r  a t  le a s t  one month p r io r  to  spreading  
on land s ig n i f i c a n t l y  reduced th e  le v e l  o f  sa lm onellae  in s lu r r y .
-  Contaminated w ater:
There a re  numerous records o f  the  is o la t io n  o f  sa lm onellae  from  
w ater (Wray and S ojka , 1 9 7 7 ) .  L u t je  and Rasch (1952) produced 
sa lm o n e llo s is  in calves  by g iv in g  them p o l lu te d  sea w a te r .  Salm onellae  
u s u a l ly  appear in w ater downstream from o u t f a l l s  o f  town e f f lu e n t s  and 
a b a t t o i r  wastes (Gibson, 1958) and e f f lu e n t s  o f  in te n s iv e  c a l f  u n i ts  
(Hughes and o th e rs ,  1 971 ).  P o l lu te d  w ater contaminates pasture i f  
f lo o d in g  occurs and c a t t l e  g raz in g  on r e c e n t ly  f looded  pasture  may succumb 
(Wray and S o jka , 1 97 7 ) .
-  Rodents, o th e r  domestic and w i ld  a n im a ls ::
Rodents such as ra ts  and mice (Sojka and F i e ld ,  1970; H u n ter ,  
L i n k la t e r  and Scott 1976) have been in c r im in a te d  in  th e  transm iss io n  o f
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s a lm o n e llae .  Hunter and o thers  (1976) po in ted  out th a t  a lthough ra ts  
are  commonly seen in premises w ith  sa lm onella  in fe c t io n s ,  the  
in c r im in a te d  organisms are  u s u a l ly  is o la te d  from mice and not r a t s .
C a t t le  can a ls o  get in fe c t io n s  w ith  serotypes u s u a l ly  o th e r  
than S. d u b lin  from o th e r  domesticated o r  w i ld  animals through one or  
more o f  the sources e a r l i e r  described (Wray and S o jka , 1 9 7 7 ) .
Route o f  in fe c t io n
In fe c t io n  u s u a l ly  occurs through the mouth (Buxton, 1 9 5 7 ) .
In experim ental in fe c t io n s  using h e a lth y  c a lv e s ,  o ra l a d m in is t ra t io n  o f
1(/* to  1 0 ^  S. typhimurium organisms (De Jong and E kdah l, 1965; Rankin
6 11and R a y lo r ,  1966) and 10 to  10 S. d u b l in  organisms (Hartmann, Meyer,  
Koch, Steinbach and Gunther, 1973; Naser and Osborne, 1976a) were 
found to  r e s u l t  in c l i n i c a l  symptoms and h ig h er doses re s u lte d  in more 
acute  symptoms and more c o n s is te n t  r e s u l t s .  C i t in g  the  re s u l ts  o f  
Nazer and Osborne (1976a) in  which the a d m in is t ra t io n  o f  10 S. d u b lin  
in tra d u o d e n a l1y produced acute symptoms, Wray and Sojka (1977) suggested  
th a t  the  above doses are  1 ik e ly  to  be h igher than those met under 
n a tu ra l c o n d it io n s .
Calves c o n g e n ita l ly  in fe c te d  w ith  S. d u b l in  may be born by 
a c t iv e  ( F ie ld ,  19^8; H in to n , 197*0 and l a t e n t  (R ichardson, 1973a) 
c a r r i e r s .  Such ca lves  may become c l i n i c a l l y  i l l  during  th e  f i r s t  few 
days o f  l i f e  or su rv iv e  to  in fe c t  animals in co n ta c t (R ichardson, 1973a ) .
Salmonella in fe c t io n s  have been encountered in s ing ly -penned  
calves  and Wray and Sojka (1977) suggested th a t  aerogenous spread may 
be p o s s ib le .  The p o s s i b i l i t y  o f  c o n ju n c t iv a l  in fe c t io n  in g u in ea -p ig s  
(Moore, 1957) and r e s p i r a to r y  t r a c t  in fe c t io n s  (Tannock and Smith,
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1971a,b) have a ls o  been suggested. However, doses up to  1 0 ^  S. d u b lin  
in je c te d  s u p ra c o n ju n c t iv a l ly  produced on ly  m ild  symptoms in calves  
(De Jong and E kdah l, 1965; Naser and Osborne, 1976a ) .  Naser and 
Osborne (1976a) f a i l e d  to  produce severe d isease w ith  in t r a - t r a c h e a l  
and in tra n as a l in o c u la t io n s  w ith  5 . d u b lin  and d id  not i s o la t e  the  
organism in environmental a i r .  They (Naser and Osborne, 1976a) 
concluded th a t  the o ra l  ro u te  is  most im portant fo r  n a tu ra l  in fe c t io n s .
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PATHOGENESIS. CLINICAL SIGNS. SUB-CLINICAL INFECTIONS AND PATHOLOGY
PathoqenesIs
I t  had been mentioned th a t  In fe c t io n  does not n e c e s s a r i ly  
lead  to  d isease (Richardson, 1975b; Anon, 1 9 7 5 ) .  In g e s t io n  o f  
organisms may r e s u l t  in d isease as a r e s u l t  o f  hypogammaglobulinaemia 
in calves  (Jugg and Kennedy, 1970; F is h e r  and o th e rs ,  1 9 7 6 ) .  Adults  
a re  less  l i k e l y  to  be th e  su b jec t o f  g e n era l ise d  o r  septicaem ic  
in fe c t io n s  compared to  the young a n im a l,  and when a d u lts  do become 
in fe c te d  they a re  more l i k e l y  to  c as t i t  o f f  o r  become symptomless 
c a r r ie r s  fo r  i n d e f in i t e  periods (Jubb and Kennedy, 1970) . That 
a p p a re n t ly  h e a lth y  cows have e i t h e r  aborted  or e ls e  g iven b i r t h  to  
calves  which were o f te n  born dead or which soon d ied  a f t e r  b i r t h  (Hughes 
and o th e rs ,  1971) could conce ivab ly  be due to  age s u s c e p t i b i l i t y :  
Richardson (1973) found th a t  11 such cows w ith  n eg at ive  faeces produced 
c o n g e n ita l ly  in fe c te d  ca lves  and in fe c te d  vaginal d isch arg es . In 
e x p e r im e n ta l ly  produced ab o rt io n s  w ith  S. d u b l in  organisms, b a c te r io lo g ic a l  
exam ination o f aborted foetuses revea led  septicaem ia  (Hartmann and 
o th e rs ,  1973).
The environment o f  small in t e s t in a l  lumen is fa v o u ra b le  f o r  
salm onella  growth and p r o l i f e r a t i o n  may occur th e r e in ;  however on ly  
those which invade mucosa appear to  be pathogen ic . Invas ion  probably  
occurs throughout the  gut e p i th e l iu m  f o r  sa lm onella  organisms were  
recovered e a r l i e r  from su b m ax il la ry  lymph glands than from small 
In t e s t in a l  and abomasal glands by Smith and H a ll  (1968) who o r a l l y  
In fe c te d  colostrum fed ca lves  w ith  1 0 ^  organisms o f  each o f  S. d u b l in .
S. typhimurium and S. c h o le r a e -s u is . The ca lves  were k i l l e d  a t  
In te r v a ls  o f  3 ,  6 ,  12 hours and 1 , 2 ,  3 ,  5 and 7 days. Organisms
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were detected  in the in t e s t in a l  w a ll  o f  a l l  regions o f  small in te s t in e  
w ith in  30 minutes and in lymph glands w i th in  th re e  hours o f  in f e c t io n .
The organisms were d e tected  in blood c i r c u la t in g  in calves  k i l l e d  as from 
12 hours post in fe c t io n  but not in the  blood o f  ca lves  k i l l e d  e a r l i e r  
than t h i s .
The experiments o f  Smith and H a ll  (1968) showed th a t  
l o c a l is a t io n  in wall o f  in te s t in e  and lymph glands preceded the  
appearance in blood, and th a t  the c o n ce n tra t io n  o f  organisms in these  
organ t issu es  increased p o s t - in fe c t  ion . Jubb and Kennedy (1970) and 
Blood and o thers  (1979) s ta te d  th a t  p r o l i f e r a t i o n  o f  sa lm onellae  occur 
in these and o ther r e t ic u lo - e n d o t h e l ia l  system t is s u e s .  Smith and 
Jones (1967) a lso  reported  h igher c o n cen tra t io n s  o f  sa lm onellae  in these  
organs in calves which succumbed to  in fe c t io n  than in a p p a re n t ly  normal 
or recovered c a lv es . The salm onellae  which f i r s t  appeared in blood 
c i r c u la t io n  are  soon c le a re d ,  and lo c a l is e d  in t is su e s  where 
p r o l i f e r a t i o n  occurs and is  fo l lo w ed  by secondary bacteraem ia (Jubb and 
Kennedy, 1 970 ).  This ob serva tio n  is supported by the  r e s u l ts  o f  
Hartmann, SIucka and Koch (19 75 ):  th re e  ca lves  in o cu la ted  in traven o u s ly
y ie ld e d  the organisms from blood f o r  up to  f i v e  hours, the blood was 
subsequently negative  u n t i l  the second day when i t  again  y ie ld e d  
S. d u b l in .
The second appearance o f  sa lm onellae  in blood may r e s u l t  in a 
f a t a l  septicaem ia or bacteraem ia w ith  secondary l o c a l i s a t i o n  in lymph 
glands, in te s t in a l  w a l l ,  g a l l  b la d d er ,  sp leen , lungs and j o i n t  c a v i t i e s ;  
e n t e r ic  lo c a l is a t io n  during  the  secondary bacteraem ia occurs through  
the  l i v e r  and b i l e  (Jubb and Kennedy, 1 9 7 0 ) .  Hartmann and o thers  (1975) 
a ls o  found th a t  the nasal mucous o f  ca lves  in fe c te d  w ith  S. d u b lin  
f r e q u e n t ly  y ie ld e d  the organism. E n te r ic  l o c a l i s a t io n  may r e s u l t  in
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acute  e n t e r i t i s  (Blood and o th e rs ,  1 9 7 9 ) .  R ap id ly  p r o l i f e r a t i v e  t is s u e ,  
p a r t i c u l a r l y  o f  the re p ro d u c t ive  t r a c t ,  a re  e s p e c ia l ly  s u s c e p t ib le  to  
in fe c t io n  w ith  sa lm o n e llae ; and a b o r t io n  is a common symptom o f  in fe c t io n  
in the  pregnant animal (Buxton, 1 95 7 ) .
C l in ic a l  signs
The incubation  p er io d  o f  in fe c t io n s  by sa lm onella  organisms  
and t h e i r  s e v e r i ty  w i l l  depend on the in f e c t iv e  dose (Rankin and T a y lo r ,  
1966; Smith and Jones, 1967) and the  immune s ta tu s  o f  the  animals  
(Gibson, 1961; F is h er  and o th e rs ,  1 97 6 ) .  C o n g e n ita l ly  in fe c te d  calves  
have been found dead a t  b i r t h  o r  to  have succumbed as e a r ly  as the  f i r s t  
few days o f  l i f e  ( F ie ld ,  1 9 ^ 8 ) .  However, when ca lves  a c q u ire  sa lm onellae  
from the environm ent, c l i n i c a l  signs may a ls o  be m anifes ted  w i th in  two 
days ( F ie ld ,  19^8; Lawson, McPherson, Laing and Wooding, 197^; P e t r ie  
and o th e rs ,  1 97 7 ) .  In experim ental in fe c t io n  o f  ca lves  w ith  d i f f e r e n t  
salm onella  sero types , c l i n i c a l  signs were seen as from one or two days 
post in fe c t io n  (Smith and H a l ls ,  1968; Smith and Jones, 1967; Rankin  
and T a y lo r ,  1966 ).
The suggestion th a t  sa lm onella  organisms may be harboured by 
a p p are n tly  h e a lth y  l a t e n t  or a c t iv e  c a r r i e r  animals which may succumb 
a f t e r  being stressed by, f o r  example, the  presence o f  in te r c u r r e n t  
diseases such as p irop lasm osis  and in t e s t in a l  p a ra s i t is m  (Gibson, 1961) 
has a lre a d y  been m entioned. Under such c ircum stances , the in te r v a l  
between in fe c t io n  and m a n ife s ta t io n  o f c l i n i c a l  signs may be more 
prolonged.
-  Calves:
In calves the c l i n i c a l  p ic tu re  is  v a r ia b le  (Gibson, 1961) 
although the  e n t e r ic  form o f  the  d isease predominates (Wray and S o jka ,
1 9 7 7 ).
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The f i r s t  signs no ticed  a re  d u l ln e s s ,  var ious  degrees o f  
inappetence and p y re x ia .  W h ile  m ild  cases may pass u n noticed , s e v e re ly  
a f fe c te d  calves may s u f fe r  septicaem ia  and c o l la p s e  w ith o u t d ia rrho ea  
(Wray and Sojka , 1977) . The fe v e r  may abate  a f t e r  two to  th re e  days 
in  m ild  cases or remain high u n t i l  a day b e fore  death in acute  cases 
(Smith and Jones, 1967 ).
An acute  septicaem ic  form (o f  S. d u b lin  in fe c t io n )  may occur 
when the  c a l f  o f  an a p p are n tly  h e a lth y  cow, w ith o u t c o lo s t ra l  a n t ib o d ie s  
acqu ires  in fe c t io n  soon a f t e r  b i r t h  (Gibson, 1 9 6 1 ) .  Such ca lves  are  
strong and h e a lth y  f o r  the  f i r s t  24 to  36 hours o f  l i f e ,  but then  
showing progressive  d u l ln e s s ,  inappetence, recumbency and dying th re e  
to  f i v e  days a f t e r  b i r t h  ( F ie ld ,  1 94 8 ) .
U s u a lly  th e re  is d ia rrh o ea  which may vary  in co lour from l i g h t  
y e l lo w  to  brown. The l a t t e r  co lour is  more c h a r a c t e r is t i c  o f  the  
d is ea s e , o f te n  has an o f fe n s iv e  odour and conta ins  shreds o f  mucous 
and a l i t t l e  blood (Wray and So jka , 1 9 7 7 ) .  The d ia rrh o ea  may be s l ig h t  
or p ro fu se , in te r m i t te n t  or p e r s is te n t  (Smith and Jones, 1 96 7 ) .
Fo llow ing  experim ental in fe c t io n  o f  ca lves  w ith  S. d u b l in  (Smith and 
Jones, 1967) and S. typhimurium (Rankin and T a y lo r ,  1966) d ia rrh o ea  
was most pronounced in ca lves  th a t  subsequently  d ie d .  I t  has o f te n  
been s ta te d  th a t  sa lm onella  in fe c t io n s  may cause pneumonia (Hughes and 
o th e rs ,  1971; Wray and S o jka , 1 9 7 7 ) ,  th a t  r e s p i r a to r y  symptoms may be 
seen w ith  o r  w ith o u t d ia rrh o ea  (Lawson, McPherson, La ing  and Wooding,
1974) and t h a t ,  in  some cases pneumonia is  the on ly  c l i n i c a l  
m a n ife s ta t io n  o f  d isease (Bosworth and L o v e l l ,  1931; Gibson, 1 96 1 ) .  
However, th e re  is no unequivocal evidence to  support the  view th a t  
salm onellae  cause pneisnonia, a t  le a s t  in c a t t l e .  Gibson (1961) po inted  
out th a t  where la rg e  numbers o f  ca lves  a re  a t  r i s k ,  concurrent S. dubl in
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and " v iru s  pneumonia" in fe c t io n s  a re  common. P e t r ie  and o th ers  (1977) 
observed signs o f  pneumonia in the l a s t  two days o f  l i f e  o f  two o f  15 
ca lves  and a t  post mortem found severe n e c ro t is in g  pneumonia in th re e  
of f i v e  f a t a l  cases, however, the  organism in c r im in a te d  in the  outbreak  
o f  disease (S. e n t e r i t id e s )  was not is o la te d  from the  lungs and they  
( P e t r ie  and o th e rs ,  1977) concluded th a t  the  pneumonia was a te rm inal  
event caused by invading o p p o rtu n is t  organisms.
"Nervous signs o f  e n cep h a lo m en in g it is "  may be seen in some 
cases (Wray and S ojka , 1 9 7 7 ) .  Smith and Jones (1967) noted th a t  " th e  
c e n tra l  nervous system was a f fe c te d  in a few calves  who appeared to  be 
b lin d ed  and e x h ib ite d  c lo n ic  spasms o f  the  s k e le ta l  muscles in d i f f e r e n t  
regions o f the body". Such signs were observed among the  calves  given  
1010 S. du b lin  organisms but not among those given 10^ organisms. Most 
calves  given 1 0 ^  organisms died w i th in  fo u r  days post in f e c t io n ,  and 
nervous signs were seen o n ly  in severe in fe c t io n s .
Bone and j o i n t  involvements are  ra re  (Wray and S o jka , 1977) 
but may be seen as s w e ll in g  o f  the  carpal or ta rs a l  j o i n t s ,  and may be 
accompanied by marked lameness (Gibson, 1961; G i t t e r ,  Wray, Richardson  
and Pepper, 1978 ).
Other ra re  c l i n i c a l  f in d in g s  in ca lves  in c lude  ja u n d ic e  (Wray 
and So jka , 1 9 7 7 ) ,  sloughing o f  the ear or t a i l  t i p s  or lower e x t r e m i t ie s  
o f th e  limbs (O'Connor and o th e rs ,  1 9 7 2 ) .
In  acute cases, death may in te rv e n e  w i th in  a day or two o f  
appearance o f  c l i n i c a l  s ig n s . Deaths were m ain ly  confined  to  the  
younger members o f  the group in the outbreak  reported  by P e t r ie  and 
oth ers  (1977) and F ie ld  (19i+8) s ta te d  th a t  the  course o f  the  disease  
tends to  be more prolonged in o ld e r  c a lv e s .  Calves th a t  su rv ive
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p ro tra c te d  d isease e s p e c ia l ly  d ia rrh o ea  become u n t h r i f t y  and may be 
permanently stunted  (Gibson, 1 96 1 ) .
-  A du lt  c a t t l e :
The acute d isease  is c h a ra c te r is e d  by sudden onset o f  f e v e r ,  
d u l ln e s s ,  inappetence and depressed m i lk  y ie ld  and a l l  ages o f  a d u lt  
c a t t l e  may succumb (Wray and So jka , 1 9 7 7 ) .  Richardson (1975a) noted  
th a t  " a f fe c te d  cows lo s t  a g re a t  deal o f  w e ig h t"  and m i lk  y ie ld s  were  
s ev e re ly  reduced during  the  course o f an i l ln e s s  due to  S. newport.
Kahrs, B en tin ck-S m ith , B jorck  and o thers  (1972) recorded a drop from  
5 ,000  to  1 ,000  lb s /d a y  during  an outbreak  o f  d isease due to  S .typhim urium .
The fe v e r  tends to  p e r s is t  f o r  a few days then d e c lin e s  be fore  
death which occurs fo u r  to  seven days from the onset o f  c l i n i c a l  signs
(Wray and Sojka, 1 9 7 7 ) .  The fe v e r  may be fo l lo w ed  by d ia rrh o ea  (H a l ls
and Jones, 1976) which may co n ta in  b lood, mucous and shreds o r  casts  o f  
n e c ro t ic  mucosa. The faeces may remain l i q u id  f o r  10 to  \ k  days; 
pregnant animals may a b o rt  and i f  i t  occurs , complete recovery takes  
about two months (Wray and So jka , 1 9 7 7 ) .  In the  sub-acute  form, fe v e r
v a r ie s  or is absent and the  o th e r  symptoms are  less  severe (Wray and
S o jka , 1 9 7 7 ) .
Experimental in fe c t io n  o f  pregnant cows w ith  S. d u b lin  organisms
showed th a t  the  s e v e r i t y  o f  d isease is p ro p o rt io n a l to  the in f e c t i v e
dose: cows in o cu la ted  w ith  10^ b a c te r ia  showed on ly  p y re x ia ,  those
8in o c u la te d  w ith  10 b a c te r ia  in a d d i t io n  to  p y rex ia  aborted  and some had 
d ia r rh o e a ;  the  two cows given 1 0 ^  b a c te r ia  aborted  and d ied  (H all and 
Jones, 1 9 7 6 ) .
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The c a r r i e r  s ta te
A dult c a t t l e  which recover from c l i n i c a l  in fe c t io n  w ith  
S. dubl in almost in v a r ia b ly  continue to  e x c re te  the organism in t h e i r  
faeces fo r  many years i f  not f o r  l i f e  ( F ie ld ,  1948; Gibson, 1 961 ).
The number o f  such animals have increased in recent years  probably owing 
to  the  apparent successful trea tm en t o f  c l i n i c a l  cases (Hughes, Gibson, 
Roberts and o th e rs ,  1971) . S o jka , Thomson and Hudson (197*0 found th a t  
d e sp ite  trea tm ent w ith  chloramphenicol two cows excre ted  averages o f  
79*250 and 916 S. d u b lin  organism per gram o f  faeces 30 months a f t e r  
t h e i r  c l i n i c a l  recovery from the  d isease . Some c a t t l e  which become 
in fe c te d  w ith  S. d u b lin  w ith o u t showing c l i n i c a l  signs a ls o  become c a r r ie r s  
(Hughes and o th e rs ,  1971)*  e i t h e r  p e r s is te n t  ( F ie ld ,  1948; Gibson, 1961) 
o r in te r m i t te n t  (T ra w in s k i ,  1957; Gibson, 1961) e x c re to rs .  Continued  
e x c re t io n  o f organisms by animals reco verin g  from S. typhimurium and 
o th er serotypes a p a r t  from S. d u b lin  may occur but soon ceased w i th in  a 
few weeks or months (Buxton, 1957; Gibson, 1 96 5 ) .  M i ld  and s u b -c l in ic a l  
in fe c t io n  could a ls o  r e s u l t  in the a c t iv e  c a r r i e r  s ta te  but th e  a d u l t  
c a t t l e  r a r e ly  remain in fe c te d  f o r  any len g th  o f  tim e (Wray and S o jka ,
1 97 7 ) .  O ccas io n a lly  a d u lt  c a t t l e  recovering  from serotypes o th e r  than  
S. d u b lin  may e x c re te  organisms fo r  long p e r io d s . Thus, Richardson  
(1975) noted th a t  w h i le  most c a t t l e  seemed to  r id  themselves o f  in fe c t io n  
due to  serotypes o th e r  than S. d u b l?n and S. typhimurium fo l lo w in g  
disease o u tb reak , a few cows were s t i l l  e x c re t in g  organisms 11 months 
a f t e r .
Calves which recover from c l i n i c a l  d isease due to  S. d u b lin  
o r o th e r  serotypes e v e n tu a l ly  cease to  shed the  organisms in t h e i r  
faeces (Gibson, 1961) but very  o c c a s io n a l ly  a c a l f  may remain an a c t iv e  
c a r r i e r  in to  a d u lt  l i f e  (F ie ld ,  1 9 5 9 ) .  G i t t e r  and o th ers  (1978)
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observed th a t  S. d u b lin  in fe c t io n  in  a c a l f  p e rs is te d  fo r  almost a y e a r .
I t  is  worth mentioning th a t  when the c a l f  was removed and is o la te d  a f t e r  
e ig h t  months o f  p e rs is te n t  e x c r e t io n ,  the  faeca l count dropped from  
48 ,125  to  5 ,375  organisms per gram o f  faeces (89% drop) w i th in  a month. 
A f t e r  four months o f i s o la t io n  organisms were no longer de tec ted  in  
fa e ce s . This may in d ic a te  th a t  continued in g es t io n  o f  organisms is  
important in the maintenance o f  c a r r i e r  s ta tu s  o f  c a lv e s .
Role o f  s tress  fa c to rs  in sa lm o n e llo s is  
-  M a ln u t r i t io n :
Ep idemies o f  S. typhimurium in fe c t io n  have been provoked in 
mice fed  d ie ts  d e f ic ie n t  in c a lo r ie s ,  p ro te ins .,  th ia m in e ,  r i b o f l a v i n  o r  
b io t in  (Buxton, 1957) and i t  has been suggested th a t  t h is  e f f e c t  was 
caused in p a r t  by impairment o f  the  humoral an tibody  response ra th e r  
than by d im inu tion  o f  phagocytic  a c t i v i t y  (Guggenheim and B uech ler, 1 94 6 ) .  
The biochemical m utation o f  a v i r u le n t  s t r a in s  o f  S. typhimurium to  f u l l  
v iru le n c e  was found to  occur a f t e r  the  in je c t io n  and in some cases the  
feed in g  o f purines and paraaminobenzoic a c id  (Bacon, Burrows and Y a tes ,  
1951) .
I t  had been known f o r  many years  th a t  the  feed in g  o f  la rg e  
q u a n t i t ie s  o f maize to  p igs re s u lte d  in the  development o f  a c o n d it io n  
in d is t in g u is h a b le  from paratyphoid  and n e c ro t ic  e n t e r i t i s ,  and th a t  th is  
c o n d it io n  was assoc iated  w ith  low le v e ls  o f  n i c o t i n ic  ac id  in maize  
(Buxton, 1 957 ).  W in trob e, S te in ,  F o i l  is  and Humphreys (1945) showed 
th a t  the  ra is in g  of the  p ro te in  le v e l  in the  r a t io n  prevented the  
development o f  the c o n d it io n  and c o n ve rs e ly ,  the  low ering  o f  the  p ro te in  
le v e l  increased the animals s u s c e p t i b i l i t y  to  n e c ro t ic  e n t e r i t i s  a f t e r  
d e p r iv a t io n  o f  n ic o t in ic  a c id .
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-  In te rc u r re n t  d iseases:
The var ious  in fe c t io n s  which may d e b i l i t a t e  an animal increase
i t s  s u s c e p t ib i l i t y  to  invasion by sa lm onellae  (Buxton, 1 9 5 7 ) .  V iru s
diseases a re  o f te n  assoc ia ted  w ith  s a lm o n e llo s is  in var io u s  animal
species (Buxton, 1 95 7 ) .  For many y e a rs ,  i t  was b e l ie v e d  th a t  swine
fe v e r  was caused by in fe c t io n  w ith  S. c h o le ra e -s u is  (Salmon, 1886;
Salmon and Smith, 1 8 8 6 ) .  L a te r  is was shown th a t  S. c h o le ra e -s u is  o f te n
occurred as a secondary in fe c t io n  to  swine fe v e r  v iru s  (de Schw ein itz
and Dorset, 190^; Uhlenhurt and Haendel, 1 9 1 3 ) .  A severe in fe c t io n
w ith  S. e n t e r i t i d i s  occurred among c a t t l e  used fo r  the  p re p a ra t io n  o f
antiserum  a g a in s t  the v iru s  o f  Foot and Mouth d isease (Schach, 1 9 3 7 ) .
Gibson (1961) s ta te d  th a t  the  presence o f  in te r c u r r e n t  d iseases such as
piroplasm osis  or in t e s t in a l  p a ra s it is m  may lead  to  the  e x c re t io n  o f
salm onella  organisms by animals b e l ie v e d  to  have p re v io u s ly  acquired
la t e n t  in fe c t io n .  5. d u b l in  e x c re t io n  was found to  be c lo s e ly  l in k e d
to  concurrent l i v e r  f lu k e  in fe c t io n  ( F r i k ,  1969) and decreased incidences
o f  sa lm one llos is  and f a s c i o l i a s i s  were noted to  have occurred in p a r a l le l
( D i j k s t r a ,  1 9 7 3 ) .  The apparent c o r r e la t io n  was thought to  be due to
the f a c t  th a t  both in fe c t io n s  are  in f lu en ced  by s im i la r  c l im a t ic  and
managemental co n d it io n s  (T ay lo r  and K i l p a t r i c k ,  1 9 7 5 ) .  A i tk e n ,  Jones,
H a ll  and Hughes (1976) reported  th a t  the  s u s c e p t i b i l i t y  o f  c a t t l e  to
S. d u b lin  was increased by f a s c i o l i a s i s .  L a t e r ,  A i tk e n ,  Jones, H a l l ,
Hughes and Coll is  (1978) e x p e r im e n ta l ly  in fe c te d  30 h e i fe r s  aged 15-18
6 9months w ith  S. d u b lin  in doses ranging from 10 to  10 organisms, 18 o f  
the c a t t l e  having been in fe c te d  13 weeks p re v io u s ly  w ith  1000
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m etacerca riae  o f  F a sc io la  h e p a t ic a . In f l u k e - f r e e  c a t t l e  10 S. d u b lin  
organisms proved le t h a l  w h i le  lower doses caused o n ly  t r a n s ie n t  p y re x ia .  
In f lu k e - in f e c t e d  c a t t l e ,  5 x 10^ 5 . d u b l in  organisms was le t h a l  in
th re e  out o f  four cases. The s u rv iv o rs  o f  t h is  and lower doses 
excre ted  la r g e r  numbers o f  S. dubl in organisms in faeces more f re q u e n t ly  
and fo r  longer periods than d id  f l u k e - f r e e  an im a ls . Necropsy 26 weeks 
post in fe c t io n  w ith  S. dubl in revea led  the  t is s u e s  and body f lu id s  o f  
the  f lu k e - f r e e  groups to  be u n in fe c te d  or o n ly  l i g h t l y  in fe c te d  whereas 
those o f  the f lu k e - in f e c t e d  groups given 10^ o r  5 x 10^ organisms were 
s t i l l  h e a v i ly  in fe c te d  w ith  S. d u b l in . I t  was concluded th a t  
f a s c i o l i a s i s  increased the  s u s c e p t ib i l i t y  o f  c a t t l e  to  the  le th a l  
e f f e c t s  o f  S. d u b lin  and predisposed to  development o f  the  c a r r i e r  s t a t e .
Post mortem f in d in g s  
-  Calves:
The les io n s  seen a t  necropsy w i l l  depend on the  s e v e r i ty  o f  
th e  d isease and s i t e  o f  lo c a l is a t io n  o f  causal organism. Common f in d in g s  
inc lude  a vary ing  degree o f  ja u n d ic e ,  splenomegaly, pneumonia, e n t e r i t i s ,  
enlargement and oedema o f  the m esenteric  lymph nodes and o c c a s io n a l ly  
small n e c ro t ic  fo c i  o f  the kidney and /o r the  l i v e r  (Wray and S o jka , 1 9 7 7 ) .
I t  has a lre a d y  been po in ted  out th a t  e n t e r i t i s  is  not an 
in v a r ia b le  fe a tu r e  o f  sa lm o n e llo s is  (R ichardson, 1 9 7 5 ) .  Calves dying  
from acute  s a lm one llos is  may show e p ic a r d ia l  haemorrhages and evidence  
o f  septicaem ia  (Gibson, 1 9 6 1 ) .  No d i f fe re n c e s  due to  in f e c t i v e  dose or 
breed were observed among ca lves  which d ied  from or were k i l l e d  during  
the  te rm in a l stages o f  d isease fo l lo w in g  experim enta l o ra l  in fe c t io n  
w ith  S. dubl in organisms (Smith and Jones, 1 96 7 ) .
Smith and Jones (1967) gave an account o f  post-mortem f in d in g s  
in  experim ental o ra l  in fe c t io n  o f  c a lves : in  th e  abdomen th e re  was
excess serous f l u i d  u s u a l ly  w ith  f i b r i n  depos its  on p a r ie t a l  and 
v is c e ra l  peritoneum. Such deposits  may r e s u l t  in  lobes o f  l i v e r
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adhering  to  each o th e r  or to  peritoneum . In t e s t in a l  le s io n s  were 
apparent in ileum and increased in s e v e r i t y  towards the i le o -c a e c a l  
v a lv e .  Changes v a r ie d  from a co at in g  o f  y e l lo w -g re en  mucoid exudate  
to  severe haemorrhagic and d i p h t h e r i t i c  e n t e r i t i s .  There was marked 
th ic k e n in g  in most calves  and caseous n e c ro t ic  d e b r is  most o f  which was 
f i r m l y  adherent to  the in t e s t in a l  w a l l .  The caseous n e c ro t ic  d ebris  
was present in calves  th a t  d ied as e a r ly  as th re e  days a f t e r  in f e c t io n .
The m esenter ic  lymph nodes were in v a r ia b ly  sw o llen , some to  about th re e  
times the normal s iz e ;  they were o f te n  oedematous. The l i v e r s  o f  a l l  
c a lves  were swollen and had a bronze c o lo u r .  M ic r o s c o p ic a l ly ,  th e re  
were fo c i  o f  aggregates o f  h is t io c y te s  sometimes seen w i th in  an 
e o s in o p h i l ic  m a tr ix  composed o f red blood c e l l s .  The spleen was swollen  
in about h a l f  o f  the  c a lv e s ,  no foca l les io n s  were seen but m ic ro s c o p ic a l ly  
th e re  was d e p le t io n  o f w h ite  pulp o f te n  engorged w ith  b lood. In over  
h a l f  o f  the  calves  the a n t e r io r  p o rt io n s  o f  a l l  the  lung lobes were 
c o n s o lid a te d ,  the co n so lid a ted  areas being sharp ly  d e f in e d .  A l l  s ix  
b ra in s  examined showed vascu lar  congetion and one had m e n in g it is .  A 
few o f  the  kidneys showed pronounced congestion o f  c o r t ic a l  vessels  and 
haemorrhages in to  the p e lv is .  Acute foca l n e p h r i t is  was seen in a 
c a l f  in  which grey nodules were seen m a cro s c o p ica lly .
The j o i n t  c a v i t i e s  and ad jac e n t tendon sheaths o f a f fe c te d  
j o i n t s  co n ta in  a g e la t in o u s  or  s e r o - f ib r in o u s  f l u i d  (Wray and S o jka ,
1 9 7 7 ) .  Epiphyseal s e p a ra t io n ,  o s t e o - p e r io s t i t i s  and r a re fy in g  
o s te o m y e l i t is  o f  the  d is t a l  limb bones have been recorded in calves  
dying from chron ic  S. d u b lin  in fe c t io n  ( G i t t e r  and o th e rs ,  1978) .
Smith and H a l ls  (1968) po in ted  out th a t  "s in ce  necros is  is  
commonly regarded as a s ign o f  the  c h r o n ic i ty  o f  a d isease process, i t  
is  noteworthy th a t  i t  was macroscopical 1y e v id e n t  in  the  mucous membrane
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o f  the ileum o f  a c a l f  k i l l e d  only  2k hours a f t e r  o ra l  in o c u la t io n 11.
-  A du lt  c a t t l e :
The post mortem f in d in g s  a re  as in ca lves  except th e re  is  
more p le u ra l  haemorrhage and the e n t e r i t i s  is  more severe being more 
croupous (Jubb and Kennedy, 1 970 ).  However, Wray and Sojka (1977) 
pointed  out th a t  none o f  the above f in d in g s  is s p e c i f i c  f o r  s a lm o n e llo s is ,  
so th a t  b a c te r io lo g ic a l  c o n f irm a t io n  should be sought.
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DIAGNOSIS OF SALMONELLOSIS IN THE LIVE ANIMAL
B a c te r io lo g y
In the l i v e  animal co n f irm at io n  o f  c l i n i c a l  sa lm o n e llo s is  is  
performed by c u l tu r a l  exam ination o f  faeces o r  r e c ta l  swabs.
In a d u l t  c a t t l e  showing c l i n i c a l  e n t e r ic  s a lm o n e l lo s is ,  the
organism is excre ted  continuous ly  and in la rg e  numbers. The exam ination
o f faeces may g ive  n eg ative  re s u lts  in the e a r ly  stages o f  d isease before
the onset o f  d ia rrh o ea  but in such cases sa lm onellae  w i l l  be c i r c u la t in g
in the  blood and may be recovered by blood c u l tu r e  (Wray and S ojka , 1977)
The organisms may a ls o  be excre ted  in m i lk  and moreover, concurrent
e x c re t io n  o f  S. d u b lin  in the  faeces , vag ina l mucus and m i lk  may occur 
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in  cows t h a t  a b o r t  (H in ton ,  197*0. Cows wh ich a re  la t e n t  c a r r i e r s  o f  
S. d u b l in  may be i d e n t i f i e d  f o l lo w in g  an exam ina t ion  a t  th e  t im e  o f  
p a r t u r i t i o n  (R ichardson, 1973a).
C a t t le  g raz in g  in contact w ith  an a c t iv e  c a r r i e r  may shed 
S. d u b lin  organisms in t h e i r  faeces presumably by vo id in g  ingested  
b a c i l l i  and may th e r e fo r e  be termed passive c a r r ie r s  (R ichardson, 1973a ) .  
F ie ld  (1959) suggested th a t  a cow should not be regarded as an a c t iv e  
c a r r i e r  unless th e  organisms a re  is o la te d  from the faeces a t  th ree  
successive te s ts  c a r r ie d  out a t  in te r v a ls  o f  7-1** days.
Calves s u f fe r in g  from sa lm o n e llo s is  e x c re te  the  causal 
organisms in t e r m i t t e n t l y  (Gibson, 1961) • During an outbreak  o f  d isease  
due to  S. e n t e r i t i d i s  in c a lv e s ,  the  organism was recovered only  once 
in  blood but never in the re c ta l  swabs taken from a c a l f  a lthough i t  
was "extrem ely  i l l  and p e r s is te n t ly  d ia r r h o e ic "  ( P e t r ie  and o th e rs ,  1977) 
Using r e c ta l  swabs, Richardson and Fawcett (1973) were a b le  to  is o la te  
S. dubl in from on ly  kk .7  per cent o f  the ca lves  which were shown to  be
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c a rry in g  the  organism a t  necropsy. They (Richardson and Faw cett, 1973) 
suggested th a t  when d e a l in g  w ith  s ic k  ca lves  which may be s u f fe r in g  
from S. d u b lin  in f e c t io n ,  c l in ic ia n s  should take  as many swabs as 
possi b le .
Serology
In  g e n e ra l ,  most h e a lth y  c a t t l e  under one year o ld  have no 
serum a g g lu t in in s  to  common salm onellae  or when present they  are  
q u a n t i t a t iv e ly  weak (Wray and S ojka , 1 9 7 7 ) .  However the  sera o f  most 
o ld e r  h ea lth y  c a t t l e  co n ta in  both f l a g e l l a r  (H) and somatic (0) 
a g g lu t in in s  to  various  Salmonel 1 a sp. (L o v e l l ,  1 93*0 . A f l a g e l l a r  t i t r e  
o f 1 /320  o r  h igher and a somatic t i t r e  o f  1 /4 0  o r  h ig h e r may be regarded  
as p o s i t iv e  and d ia g n o s t ic  o f  the  c a r r i e r  s ta te  ( F ie ld ,  1 9 4 8 ) .  In the  
e a r ly  stages o f  S. d u b lin  in f e c t io n ,  serum t l t r e s  were m ostly  w i th in  
the normal range but during the course o f  i l ln e s s  the  t i t r e s  rose and 
reached t h e i r  peak two to  f i v e  weeks a f t e r  i l ln e s s  began ( F ie ld ,  1 94 8 ) .  
S ero lo g ica l te s ts  a re  th e re fo re  o f  va lue  in e s ta b l is h in g  a d iagnosis  
when used r e t r o s p e c t iv e ly  (Wray and S o jka , 1 97 7 ).  However, the  
increased le v e ls  o f  a g g lu t in in s  p e r s is t  a f t e r  c l i n i c a l  recovery and 
remains s ig n i f i c a n t l y  above normal fo r  several y e a rs .  Gibson (1965) 
suggested th a t  the whole herd should be examined c u l t u r a l l y  using  
re c ta l  swabs and reserv in g  sero logy fo r  animals y ie ld in g  p o s i t iv e  swabs. 
On the  o th e r  hand, i t  has been suggested th a t  the  in d iv id u a l  members o f  
a suspected herd should be examined s e r o lo g ic a l ly  and faeca l c u l tu re s  
made from those w ith  high a g g lu t in in  t i t r e  le v e ls  (Wray and S o jka , 1 977 )•  
Kiupel and Schu ltz  (1974) po in ted  out th a t  any a ttem pts  so f a r  to  c le a r  
herds on the  basis  o f  serology have foundered, because animals w ith  
humoral a n t ib o d ie s  are  f re q u e n t ly  no longer in fe c te d  and some animals  
s e r o lo g ic a l ly  n e g a t iv e  could s t i l l  be e x c re to rs .  S i m i l a r l y ,  Lawson
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and others  (197*0 found th a t  many animals which showed p o s i t iv e  
a g g lu t in in  t i t r e s  were not in fe c te d  a t  s la u g h te r  and th a t  sero logy  
f a i l e d  to  id e n t i f y  two c a r r i e r  animals from which S. d u b lin  was is o la te d  
a t  s la u g h te r .
-  Complement F ix a t io n  Test (CFT):
Lawson and o th ers  (197**) found th a t  CFT g e n e ra l ly  became 
n eg ative  w i th in  s ix  months o f  in fe c t io n  and concluded th a t  the  CFT is  a
b e t te r  guide to  the  presence o f  recent herd in fe c t io n  than conventional
"O" o r  "H" a g g lu t in a t io n  t e s t s .  Wray and Sojka (1976) found th a t  
during outbreaks o f  S. dubl in both calves  and a d u lts  s u f fe r in g  from 
e n t e r ic  d isease gave comparable r e s u l t s ;  in samples from cases o f  
S. dubl in a b o r t io n ,  a number o f  them had n eg at ive  CFT t i t r e s  although  
the  SAT t i t r e s  were in d ic a t iv e  o f  in f e c t io n ,  and n o n -s p e c if ic  re a c t io n s  
occurred w ith  both the  CFT and SAT in serum samples from c a t t l e  in fe c te d  
w ith  salm onella  serotypes o th e r  than S. dubl i n .
-  I n d i r e c t  H aem agg lu t ina t ion  (IHA) T e s t :
Although the  IHA te s ts  were more s e n s i t iv e  and gave h igher  
t i t r e s  than the  somatic SAT, absorp tion  te s ts  showed th a t  IHA te s ts
c o r re la te d  w ith  the somatic SAT but not the  f l a g e l l a r  SAT (Wray, M o rr is
and S ojka , 1 9 7 5 ) .  The in fe ren ce  was th a t  the IHA t e s t  had no advantage  
over the SAT.
-  A n ti g lo b u l in  (AG or Coombs) T e s t:
Wray and Sojka (1977) eva lu a ted  re p o rts  on s e ro lo g ic a l  s tu d ie s  
employing the  AG method and concluded th a t  i t  does not appear to  have 
any advantage f o r  the  i d e n t i f i c a t i o n  o f  c a r r i e r s .  Sojka and o thers  
(1977) s ta te d  th a t  the  problem o f  assessing the t r u e  value  o f  serology  
might have a r is e n  from the f a c t  th a t  an animal was considered in fe c te d
I f  sa lm onellae  were Is o la te d  from I t  a t  any tim e during  In v e s t ig a t Io n .  
They (Sojka and o th e rs ,  1977) c i te d  F ie ld  (1959) who s ta te d  th a t  
t r a n s ie n t  e x c re t io n  o f sa lm onellae  o f te n  occurred in animals in co n tact  
w ith  c l i n i c a l  cases and i t  is  l i k e l y  th a t  many animals c a l le d  in fe c te d  
were not c l i n i c a l  cases. Again i t  has been shown th a t  re c ta l  swabs 
may g iv e  fa ls e  n eg ative  r e s u l ts  (Richardson and Faw cett,  1973) and th a t  
organisms may not be de tected  in faeces a t  a l l  (P e t r ie  and o th e rs ,  1977) 
or a t  le a s t  during the e a r ly  stages o f  th e  d isease (F ie ld ,  1 959 ).
F ie ld  (1959) s ta te d  th a t  ca lves  less  than fo u r  months o ld  
showed l i t t l e  or no production  o f  somatic (0) a g g lu t in in s .  Wray and 
Sojka (1977) s ta ted  th a t  ca lves  which experienced e i t h e r  c l i n i c a l  or  
s u b -c l in ic a l  sa lm one llos is  responded by the  production  o f  f l a g e l l a r  (H) 
a g g lu t in in s ,  those w ith  c l i n i c a l  signs g e n e ra l ly  showing h igher t i t r e s  
than those w ith  s u b c l in ic a l  in f e c t io n .  P e t r ie  and o th ers  (1977) a ls o  
found th a t  the h ighest H a g g lu t in in  t i t r e  (1 /5120) a t ta in e d  by any c a l f  
during an outbreak o f  d isease caused by S. e n t e r i t i d i s  occurred in a 
c a l f  th a t  e v e n tu a l ly  d ie d .  However they (P e t r ie  and o th e rs ,  1977) 
observed th a t  H a g g lu t in in s  were d e tected  in the  sera o f  on ly  th re e  o f  
ten  s u rv iv in g  calves d e s p ite  the  recovery o f  5 . e n t e r i t i d i s  organisms 
from e i t h e r  re c ta l  swabs or blood o f  a l l  ten c a lv e s .
-  The M i lk  Ring Test (MRT) :
Cows immunised w ith  a commercial sa lm onella  vaccine gave 
p o s i t iv e  MRT reac tio n s  but f a ls e  p o s i t iv e  re s u l ts  may a ls o  sometimes 
occur (Wray and Sojka, 1 9 7 7 ) .  H inton (1973b) rep o rted  th a t  the  
c o r r e la t io n  between the MRT score and whey t i t r e  was poor and th a t  th e re  
were both f a ls e  p o s i t iv e  and f a ls e  n e g at ive  MRT re s u l ts  in wheys w ith  
high a g g lu t in in  t i t r e s .
-  The Whey A g g lu t in a t io n  Test:
H in ton  (1973b) observed th a t  th e  whey a g g lu t in a t io n  t e s t  is  
n e a r ly  as use fu l as the  SAT f o r  c o n f i rm in g  an acu te  in f e c t io n ,  a l though  
i t  is  o n ly  p ra c t ic a b le  to  examine the  whey f o r  f l a g e l l a r  (H) a g g lu t in in s .
-  F lu o re sce n t A n t ibody  Tes t (FAT) :
The FAT is  used f o r  the  i d e n t i f i c a t i o n  o f  sa lm one llae  in  a 
v a r ie t y  o f  m a te r ia ls  (C herry , Thomason, G ladden, Hoi s in g  and H url in ,
1975) in c lu d in g  meat o f  emergency s laughtered  c a t t l e  (Burko and Stepaneko, 
1971) and contaminated m i lk  (Arkhange ls ' k i i  and K artashova, 1 9 6 2 ) .  In 
m ilk ,  FAT was r e l i a b l e  f o r  samples c o n ta in in g  100,000 organisms/ml but 
c u l tu r a l  exam ination was necessary to  d e te c t  sm a lle r  numbers such as 
100 /m l.
-  Dermal R eac tions :
Richardson and Parke (1975) used a ribosomal p re p a ra t io n  as 
the a n tig en  in skin  te s ts  in  calves  th a t  were vacc in ated  w ith  S. dubl in 
vaccine 20 days e a r l i e r .  Both co n tro l and vacc in a tes  showed s w e ll in g  
o f  the  sk in  w ith  oedema a t  the  in je c t io n  s i t e  by f i v e  hours post 
in o c u la t io n  and o f te n  the  re ac tio n s  were g re a te r  in the  c o n tr o ls .
However by 30 hours the maximum re a c t io n  occurred in the v a c c in a te s ,  
the  response in the  co n tro l having subsided and t h is  delayed response 
was indurated  ra th e r  than oedematous. One o f  f i v e  c o n tro l  ca lves  gave 
f a ls e  p o s i t iv e  but no v ac c in a te  f e l l  w i th in  n e g a t ive  range. They 
(Richardson and Parke, 1975) concluded t h a t  the  d e te c t io n  o f  l a t e n t  
c a r r ie r s  o f  S. d u b lin  may be a p r a c t ic a l  p ro p o s it io n  i f  s u i ta b le  
antigens  o f  g re a te r  potency and s p e c i f i c i t y  which would be u n a ffe c te d  
by c i r c u la t in g  an tibody  can be found.
Sh
THE CONTROL OF BOVINE SALMONELLOSIS
Wray and Sojka (1977) remarked th a t  in g e n e ra l ,  measures fo r  
the contro l o f  bovine sa lm o n e llo s is  a re  e q u a l ly  a p p l ic a b le  to  S. dubl in  
and S. typhimurium but i t  should be remembered th a t  the in fe c t io n  w ith  
S. typhimurium is common in many species o f  animals and b ird s  and the  
inc idence o f  e x c re to rs  is much g re a te r  in S. d u b l in  than in S. typhimurium  
in fe c t io n s .
Hughes and others  (1971) and Wray and Sojka (1977) suggested
th a t  the  fo l lo w in g  measures should be considered , and where p ra c t ic a b le
a p p lie d  i f  c l i n i c a l  d isease occurs e i t h e r  in a d u lt  c a t t l e  or in ca lv es :
The is o la t io n  (or i f  th is  is im possib le , secregat ion ) o f
c l i n i c a l l y  a f fe c te d  animals to  co n fin e  the la rg e  weight o f  contam ination  
produced. Animals th a t  have recovered should be re ta in e d  in is o la t io n  
f o r  a t  le a s t  two weeks a f t e r  cessat ion  o f  d ia rrh o e a .
The s la u g h te r  o f  c l i n i c a l  cases o f  S. d u b lin  in fe c t io n  in 
a d u l t  c a t t l e  should be recommended s ince  recovered animals in v a r ia b ly  
become a c t iv e  c a r r ie r s  o f  the d isease . Such s la u g h te r in g  should be 
done on the farm and the carcass sent to  knackeries  capable o f  producing  
s a lm o n e l la - f re e  products . C l i n i c a l l y - a f f e c t e d  animals should never be 
sent fo r  emergency s la u g h te r  intended fo r  human consumption.
A l l  manure and e f f lu e n t  from is o la t io n  premises should be 
conta ined fo r  d isposal and /or  t r e a te d  in such a way as to  minimise  
contam ination  o f  environment o r  r i s k  to  o th e r  l iv e s t o c k .
A f t e r  disposal o r  the  re le a s e  o f  recovered animals from  
i s o la t io n ,  those places exposed to  contam ination  should be cleansed and 
d is in f e c t e d .  C a t t le  should not be removed from o r brought to  the
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premises u n t i l  d is in f e c t io n  has been completed. Th is  w i l l  he lp  to  
reduce the spread and a ls o  prevent p ro lo n g a tio n  o f  an ou tb reak .
Since the c h ie f  source o f  S. d u b lin  in fe c t io n  in calves  is  
the  a d u lt  c a r r i e r  c a t t l e ,  the herd should be examined fo r  p e rs is ta n t  
e xc re to rs  and such e x c re to rs  disposed o f  by s la u g h te r .  To avoid  
t e s t in g  pure ly  temporary e x c re to rs ,  herd exam ination  should be delayed  
u n t i l  two weeks a f t e r  the recovery o r  removal o f  c l i n i c a l  cases. F ie ld  
(1959) suggested th a t  no a d u l t  c a t t l e  should be regarded as an a c t iv e  
c a r r i e r  unless the organisms are  is o la te d  from faeces a t  th re e  
successive te s ts  c a r r ie d  out a t  in te r v a ls  o f  seven to  \ k  days. When
c a t t l e  are  housed or t i e d  on ly  p e r s is te n t  e x c re to rs  o f  S. d u b lin  
continue to pass sa lm onellae  in t h e i r  faeces ( D i j k s t r a ,  1970) and 
th e re fo re  the  d e te c t io n  and removal o f  these is the  basis o f  d isease  
co n tro l in H o llan d . However, Richardson and Watson (1971) po inted  out 
th a t  the  increased p o p u la r i ty  o f  the loose-housing system in the  
U nited  Kingdom makes the contro l o f  d isease  d i f f i c u l t  in v iew  o f  the  
problem o f id e n t i f y in g  p e rs is te n t  e x c re to rs  in such herds; re c ta l  
swabbing o f animals in loose-housed herds w i l l  not d is t in g u is h  
p e rs is te n t  from t r a n s ie n t  e x c re to rs  o f  S. d u b l in .
P rev e n tive  measures
Hughes and o thers  (1971) suggested th a t  th e  fo l lo w in g  
p re v e n t iv e  measures should be considered as regards a d u l t  c a t t l e  and 
s e l f -c o n ta in e d  herds.
P ro v is io n  o f  a piped supply o f  c lean  w ater  and fenc in g  o f  
stream and o th e r  w ater  courses.
Flooded pasture should not be grazed or i f  so, o n ly  by 
fa t te n in g  c a t t l e .
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S lu r ry  should not be a p p l ie d  to  pasture  or crops Intended fo r  
g ra z in g .  (However the A g r ic u l tu r a l  Research Council (1976) recommended 
th a t  in o rder to  reduce the hazards o f  the  spread o f  sa lm o n e llo s is  
through s lu r r y ,  i t  should be s tored  fo r  a minimum o f  fo u r weeks and the  
pasture  should not be grazed u n t i l  fo u r  weeks a f t e r  s lu r r y  s p rea d in g ) .
In view o f  the p o ss ib le  connection between l i v e r  f lu k e  
in fe c t io n  and bovine s a lm o n e l lo s is ,  co n tro l measures should be in s t i t u t e d  
a g a in s t  the form er. These could inc lude d ra in ag e ,  avoidance o f  sn a il  
h a b i ta ts ,  and ro u t in e  dosing fo r  f a s c i o l i a s i s .
Since sa lm o n e llo s is  is most p re v a le n t  during  the  te rm inal p a r t  
o f  the  graz ing  season, e a r l i e r  housing should reduce cases by removal 
from major source o f in f e c t io n ,  by co u n te r in g  f a l l i n g  n u t r i t i o n  and by 
avoidance o f  f lu k e  in f e c t io n .
F eed stu ffs  o f  animal o r ig in  should be bought from re p u ta b le  
sources, and /or su b jec t to  b a c te r io lo g ic a l  re p o r t .  Th is  means th a t  
measures ought to  be taken by the  producer to  exclude or e l im in a te  
b a c te r ia  in c lu d in g  sa lm o n e llae .
Rats and mice should be c o n tr o l le d  and food p ro te c te d  a g a in s t  
contam ination  w ith  the  e x c re ta  o f  b ird s  and rodents .
Stockmen should be made aware o f  the  r is k s  o f  in tro d u c in g  
in fe c t io n s  by f o o t ,  l o r r i e s  and so on.
Purchased b u l ls  o r  o th e r  a d u l t  c a t t l e  should be su b jec t to  
b a c te r io lo g ic a l  exam ination o f  t h e i r  fa e ce s .
In areas where S. d u b lin  in fe c t io n  is  common, the  v a c c in a t io n  
o f  a d u lt  c a t t l e  should be considered.
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P rev e n tive  measures r e la t in g  to  calves
In o rder to  f o r e s t a l l  outbreaks o f  s a lm o n e llo s is  in c a lv e s ,  
Hughes and others  (1971) and Wray and Sojka (1977) recommended the  
fo l lo w in g  measures:
Calves should be bought from re p u ta b le  sources, those showing
any s ign o f  i l ln e s s  should be r e je c te d .  Newly-purchased calves  should
be examined fo r  t h e i r  blood serum gamma-globulin conten t as an in d ic a t io n  
o f  whether calves have rece ived  and absorbed s u f f i c i e n t  co lostrum .  
S u p p lie rs  whose calves commonly showed low le v e ls  o f  gamma-globulins  
could then be avoided. Calves should be obta ined  by as d i r e c t  a rou te  
as p o ss ib le  so avo id ing  t ra v e l -w e a ry  animals th a t  may have passed 
through several markets or c o l le c t in g  cen tres  o r  come from d e a le rs  whose 
premises a re  never empty o f  c a lv e s .  Purchased ca lves  should be 
is o la te d ,  the degree o f  is o la t io n  being determined by the  r i s k  and the  
f a c i l i t i e s  a v a i la b le .  I t  is  d e s ira b le  to  pen ca lv es  s in g ly ,  or in  
p a i r s ,  to  l i m i t  c r o s s - in f e c t io n .  I t  is  a ls o  d e s ira b le  to  examine them 
c u l t u r a l l y  fo r  the  presence o f  s a lm o n e lla e .  Animals which a re  
c l i n i c a l l y  i l l  should be re ta in e d  in is o la t io n  f o r  a t  le a s t  two weeks 
a f t e r  cessat ion  o f  d ia rrh o e a .  The general la y o u t  o f  the s i t e  and 
c o n s tru c t io n  o f  the c a l f  houses should take  account o f  d ra inage  to  
m inim ise c r o s s - in fe c t io n  and contam ination  o f  w ater  courses. A l l  
f i t t i n g s ,  u te n s i ls  and surfaces  should lend themselves to  e f f e c t i v e  
c lean s in g  and d is in f e c t io n ,  e s p e c ia l ly  as Richardson and Fawcett (1973) 
have shown th a t  S. d u b lin  may be e xcre ted  in s a l i v a .
To prevent batch to  batch t r a n s f e r  and b u i ld -u p  o f  in f e c t io n ,
c a l f  houses should be thoroughly  cleansed and d is in f e c te d  between 
batches and run on an a l 1 - i n - a l 1 -o u t  b a s is .  I f  p o s s ib le ,  d is in f e c t io n
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should be completed by fu m igation  or aerosol " fo g g in g 11 o f  the  e n t i r e  
house. When i t  is known th a t  ca lves  would be exposed to  in f e c t io n ,  
they should be vacc inated  w ith  a l i v e ,  rough S. d u b l in  vacc ine  (Sm ith,  
1965) about a week b e fore  they are  sold and should be accompanied by a 
v a c c in a t io n  c e r t i f i c a t e .  F a i l in g  t h i s ,  they should be vacc in ated  on 
the day o f  purchase (Gibson, 1 96 9 ) .
I t  is  obvious th a t  w h i ls t  the  above suggestions would he lp  to  
prevent the incidence and /o r  s e v e r i ty  o f  d isease outbreaks they a re  
m o stly ,  to  borrow the expression o f  Wiseman (1 9 7 9 ) ,  " in  d i r e c t  c o n f l i c t  
w ith  managemental procedures governed by economic c o n s id e ra t io n s " .
Role o f  a n t ib io t i c s  in the contro l o f  sa lm o n e llo s is
R oya l,  Robinson and Loken (1970) fed c h io r t e t r a c y c l in e  a t  
le v e ls  o f  50 and 100 mg d a i ly  to  calves  th a t  had been g iven s u b c l in ic a l  
doses o f  S. typhimurium two days e a r l i e r .  They (Royal and o th e rs ,
1970) found no d i f fe re n c e s  in both e x c re t io n  p a t te rn  o r  number o f  
organisms excre ted  by contro l and t r e a te d  c a lv e s .  S i m i l a r l y ,  feed in g  
p re v e n t iv e  le v e ls  o f  fu ra z o l id o n e  to  ca lves  d id  not e l im in a te  in fe c t io n  
in animals a lre a d y  in fe c te d  (Heard, Jennett and L in to n ,  1 9 7 2 ) .  
U n fo r tu n a te ly ,  no account o f  the  e f f e c t  p ro p h y lax is  on development and 
s e v e r i ty  o f  c l i n i c a l  d isease was given by e i t h e r  se t o f  w orkers .
Whether a n t i b i o t i c  supplem entation p r io r  to  in fe c t io n  would have 
produced d i f f e r e n t  re s u l ts  is  not known. However, as Robinson (1966) 
has shown th a t  d a i ry  ca lves  a re  exposed to  the  r i s k  o f  sa lm onella  
in fe c t io n  a t  a very  e a r ly  age, i t  is  l i k e l y  th a t  in  the  f i e l d  a t  le a s t  
purchased ca lves  would have co n trac ted  in fe c t io n  b e fo re  trea tm en t is  
in s t i t u t e d  (Royal and o th e rs ,  1 97 0 ) .
99
Leason (196*+) reported  the successful c u r ta i lm e n t  o f  an 
outbreak  o f  d isease due to  S. d u b lin  among 25 ca lves  by the  
a d m in is t ra t io n  o f  500 mg o f  a m p ic i l l i n  per c a l f  in  feed  fo r  f i v e  days.
Four o f  the  worst cases were a ls o  g iven 500 mg o f  a m p ic i l l i n  
in tra m u s c u la r ly  tw ice  a day f o r  two days. No sa lm onellae  were
recovered in faeces a f t e r  two days, th re e  ca lves  recovered but one d ie d .
A f t e r  ten  o f *+8 ca lves  had d ied from a d isease assoc ia ted  w ith  
S. dubl i n . Kerr and Brander (196*+) d iv id e d  the  remainder in to  fo u r  
groups -  one contro l and th re e  t r e a te d  w ith  50, 100 and 200 mg 
a m p ic i l l i n  per head o r a l l y  f o r  two weeks. A m p ic i l l in  was found to  have
prevented the development o f  d isease in a l l  the  t re a te d  groups. Wilson
(1972) reported  th a t  ca lves  (even one which was moribund) showed a very  
rap id  response to  spectinomycin during  a d isease outbreak  due to  
S. dubl i n . Cook (1973) reported  th a t  two weeks a f t e r  two o f  26 
homebred F r ie s ia n  calves  d ied  from in fe c t io n  due to  S. d u b l in . 
spectinomycin was ad m in is te red  to  the  re s t  a t  lOmg per l b .  subcutaneously  
on the f i r s t  day fo llow ed  by 0.5gm tw ice  d a i ly  o r a l l y  fo r  f i v e  days; 
marked c l i n i c a l  improvement was noted w i th in  2*+ hours o f  t re a tm e n t .
Oglesby (196*+) noted marked improvement in s ic k  fe e d lo t  c a t t l e  w i th in  
*+8-72 hours o f  trea tm ent w i th  n i t ro fu ra z o n e  in w ater  (l lg /5 0  g a l lo n  fo r  
7 days) and s in g le  ora l dosing (6 o z /h e a d ) ; response was most s t r i k i n g  
among those in the e a r ly  s tages . "Good r e s u l t "  was a ls o  obta ined  by 
Hatch ( l 97*+) fo l lo w in g  trea tm ent o f  a herd c o n ta in in g  130 cows w ith  
chloramphenicol p a ren te ra l  l y  in  fe v e r  phase be fo re  the  onset o f  d ia rrh o e a .
S ojka , Thomson and Hudson (197*+) found th a t  a lthough a d u l t  
c a t t l e  recovered from c l i n i c a l  d isease due to  S. d u b l in  in fe c t io n  
fo l lo w in g  the successful trea tm en t w ith  ch lo ram phen ico l,  the  animals  
remained e x c re to rs  o f  S. dubl in .
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In experim ental S. d u b lin  in fe c t io n s  using sheep, W hite and 
W h itn e l l  (1973) showed th a t  trea tm ents  i n s t i t u t e d  e a r ly  (days 1 to  5) 
or l a t e  (days 3 to  7) w ith  e i t h e r  tr im ethoprim /su lphonam ide or  
chloramphenicol were e f f e c t i v e  in the  trea tm en t o f  s a lm o n e llo s is  caused 
by S. d u b l in . However, they noted th a t  Mr e c ta l  tem peratures in some o f  
the t r e a te d  sheep began to  r is e  about **8 hours a f t e r  the  l a s t  t re a tm e n t ,  
fo l lo w ed  by severe d ia rrh o ea  fo r  several days; S. d u b l in  was is o la te d  
from th e  l i v e r s  o f  a l l  dead ( t re a te d  and c o n tro l )  sheep. A ls o , they  
(White and W h i t n e l l ,  1973) s ta te d  th a t  " re la p s e  was a re g u la r  c l i n i c a l  
f e a tu r e  a few days a f t e r  the  end o f  th e  5-day course o f  t re a tm e n t ,  and 
deaths in t re a te d  sheep u s u a l ly  were the r e s u l t  o f  re la p s e .  C i t in g  the  
work o f  Scragg, Rubidge and W allace (1969) who found th a t  in the  
trea tm en t o f  the typhoid  fe v e r  in man, a 21 -day course o f  trea tm en t was 
necessary in o rder to  achieve a low re lap se  r a t e ,  they (White and 
W h i t n e l l ,  1973) s ta te d  th a t  "because o f  the economic fa c to rs  which l i m i t  
trea tm en t in an im a ls , prolonged dosage would have been o f  academic 
in t e r e s t  o n ly " .
I t  had been pointed out by F ie ld  (1959) th a t  the  trea tm ent o f  
a d u l t  c a t t l e  is o f  l i t t l e  va lue  i f  the  recovered animals remain c a r r ie r s  
and a source o f  in fe c t io n  to  o th e rs .  From the  r e s u l ts  obta ined  by 
W hite and W h itn e l l  (1973) i t  seemed th a t  w h i le  a n t i b i o t i c s  r e a d i ly  
c le a re d  the organisms from blood and fa e c e s ,  some fo c i  o f  in fe c t io n  
were impervious to  the drug; m u l t i p l i c a t i o n  and subsequent d issem in at io n  
o f  th e  organisms in to  the  systemic c i r c u la t io n  led  to  re la p s e  a f t e r  the  
e f f e c t  o f  the  drug wore o f f .
Host o f  the rep o rted  successes mentioned above occurred a f t e r  
the  acu te  phase o f  the  disease had passed and they  were th e  re p o rts  o f
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u n c o n tro l le d  f i e l d  o u tbreaks . Wray and Sojka (1977) regarded them as 
being s u b je c t iv e .
Apart from success o f  trea tm ent in saving l i v e s  o f  animals and 
the  r i s k  e n ta i le d  in producing " c a r r i e r "  an im a ls , Blood and o thers  (1979) 
gave the c re a t io n  o f  drug r e s is ta n t  s t r a in s  as the  t h i r d  p o in t c re a t in g  
deep d iv is io n  among v e te r in a r ia n s  about th e  p ro b ity  o f  t r e a t in g  cases 
o f  sa lm o n e llo s is  w ith  a n t i b i o t i c s .  In B r i t a i n ,  Anderson (1968a,b) found 
th a t  during  the  period  1961-62 on ly  2 .9  per cent o f  S. typhimurium  
s t r a in s  showed evidence o f  drug re s is ta n c e ,  but th a t  the  p ro p o rt io n  rose  
to  21 per cent in 1963-64 and to  61 per cent in 1 964 -65 . During the  
l a t t e r  period s t ra in s  belonging to  phage type 29 became common; 7 3 .2  
per cent o f  bovine s t r a in s  and 22 per cent o f  human s t r a in s  were o f  t h is
type and o f  these 9 9 .7  and 9 6 .5  per cent r e s p e c t iv e ly  were r e s is ta n t  to
one or more drugs. Most o f  the re s is ta n c e  observed was t ra n s m is s ib le  
and could be t r a n s fe r re d  from a r e s is ta n t  c e l l  to  a s e n s i t iv e  c e l l  by 
c o n ta c t .  S im i la r ly  the  emergence o f sa lm onellae  possessing t ra n s m is s ib le  
drug re s is ta n c e  was noted during  the  feed in g  o f  c h lo r t e t r a c y c l in e  
(Royal and o th e rs ,  1970) and during the  course o f an outbreak  o f  
sa lm o n e llo s is  (Sato and Kodama, 1974) in c a lv e s .
In England and W ales, during  the  period  1971 -75 ,  
chloramphenicol re s is ta n c e  remained very low, the  inc idence o f
re s is ta n c e  to  streptom ycin  had decreased whereas re s is ta n c e  to
sulphonamides had increased (Wray and S o jka , 1 9 7 7 ) .  R es is tance to  
sulphonamides, t e t r a c y c l in e s ,  neomycin, a m p ic i l l i n  and fu ra z o l id o n e  
was more freq u en t in S. typhimurium whereas s treptom ycin  re s is ta n c e  was 
more common in S. dubl in (Wray and S o jka , 1 977 ).
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The r o le  o f  v a c c in a t io n  in the co n tro l o f  sa lm o n e llo s is
-  L Iv e  vac c in es :
Smith (1965) prepared a l i v e  vacc ine  from a rough s t r a in  (51) 
o f  S. d u b lin  de r iv ed  from a f u l l y  v i r u le n t  smooth s t r a i n .  He found 
th a t  when used in calves  in tra m u s c u la r ly  the vaccine  s i g n i f i c a n t l y  
reduced the  incidence o f  c l i n i c a l  sa lm o n e llo s is  both in e x p e r im e n ta l ly  
challenged groups and in an in te n s iv e  beef u n i t .  Rankin and T ay lo r  
(1967) assessed the s a fe ty  o f  the  com m ercially  prepared S. d u b lin  
( s t r a in  51) vaccine (D u b livac , Crookes L a b o ra to r ie s  L t d . ,  S u ffo lk )  by 
a d m in is te r in g  con cen tra t io n s  o f  the  organisms which had been shown to  
cause d isease or death in c a lv e s .  Although in o cu la ted  calves  were 
d u ll  and pyrex ic  fo r  two to  f i v e  days and organisms were a t  times  
excre ted  in faeces (the c a l f  which had rece ived  the la r g e s t  dose, 1 0 ^  
organisms, excreted  r e g u la r ly  f o r  ten  days) no d ia rrh o ea  or deaths  
occurred . A ls o , a l l  the 2k one week o ld  ca lves  vacc in ated  a t  the  
recommended dose were kept fo r  11 weeks, no evidence o f  s u rv iv a l  o f  
vaccine s t r a in  was found a t  s la u g h te r  and i t  was concluded th a t  th e re  
is  l i t t l e  r is k  o f  spread o f  the  vaccine s t r a i n ,  or th a t  the  products  
from such animals would c o n s t i tu te  hazard to  p u b l ic  h e a lth  a f t e r  such 
a len g th  o f t im e . Rankin , T a y lo r  and Newman (1967) a ls o  eva lu a ted  the  
e f f ic a c y  o f  the  5. d u b lin  ( s t r a in  51) vaccine a g a in s t  S. typhimurium.
They found th a t  although scouring was not p revented , 16 o f  2k non­
vacc in ated  (c o n tro l)  ca lves  died w h i le  on ly  seven o f  2k vacc in ated  
ca lves  d ie d .  In t h e i r  second experiment (Rankin and o th e rs ,  1967) 
th ree  vacc in ated  calves  died w h ile  on ly  one c ontro l c a l f  d ie d .  However, 
re c ta l  swabs taken b e fore  cha llenge  revea led  th a t  a l l  but one o f  the  
co n tro l ca lves  had picked up the  vaccine  s t r a in  presumably by mouth, 
and the  on ly  death occurred in the c a l f  w ith  n e g a t ive  re c ta l  swab.
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i t  was concluded th a t  p ro te c t io n  o f  the con tro l group must have re s u lte d  
from the presence o f the vaccine s t r a in s  in  the co n tro l ca lves  and th a t  
i t  might be necessary to  a d m in is te r  the vacc ine  p a r e n t e r a l ly .  Calves  
challenged paren te ra l  ly  but not those th a t  picked up the s t r a in  from  
t h e i r  environment possessed serum a g g lu t in in s ;  however both groups 
appeared to  be e q u a l ly  p ro te c te d .  Rankin and o thers  (1967) concluded 
th a t  the s ig n if ic a n c e  o f a g g lu t in in s  in the  mechanism o f  p ro te c t io n  is  
doubtful .
L iv e  (S . d u b lin  s t r a in  51) vaccine produced immunity f o r  
periods of a t  le a s t  th re e  months, but w h i ls t  i t  was successful in f i e l d  
experiments i t  aggravated e x is t in g  r e s p i r a to r y  and e n t e r ic  c o n d it io n s  
(Sluzewska and T ru s zczn s k i,  1973, 197*0 .
Wray and Sojka (1977) noted th a t  the o r ig in a l  o ra l  vaccines  
which were produced were not g e n e ra l ly  accepted because they f a i l e d  to  
induce d e te c ta b le  le v e ls  o f  serum antibody  and were presumed th e re fo re  
not to  be capable o f  c o n fe r r in g  immunity. However, th is  may be a poor 
c r i t e r i o n  by which to  judge the  p o te n t ia l  e f f i c a c y  o f  an immunogen th a t  
is  d e l iv e re d  through a mucosal su rface  (WHO r e p o r t ,  1 97 2 ) .
Oral a d m in is tra t io n  o f  an in a c t iv a te d  s t r a in  o f  S. typhimurium  
(R a e tt in g  and Buse, 1970) and a streptom ycin-dependent a v i r u le n t  s t r a in  
(Meyer, Hartmann, Steinbach and o th e rs ,  1973) have been shown to  produce 
immunity in c a lv e s .  P o r te r ,  Kenworthy and Thompson (1975) reported  
s ig n i f ic a n t  reduction  in the  incidence and d u ra t io n  o f  d ia rrh o ea  and in  
th e  need f o r  trea tm ent w ith  medicaments o r  a n t i b i o t i c s  in ca lves  o r a l l y  
immunized using a fe e d - in c o rp o ra te d  vaccine comprising h e a t - in a c t iv a te d  
E. c o l i  and salm onellae  a n t ig e n s .
10*f
-  In a c t iv a te d  (dead) vaccines:
In a c t iv a te d  vaccines c o n s is t  o f  sa lm onella  b a c te r in  p r e c ip i ta te d  
on aluminium hydroxide , and must be g iven as two in je c t io n s  two weeks 
a p a r t  to  have any s ig n i f i c a n t  e f f e c t  (Blood and o th e rs ,  1 9 7 9 ) .  Calves  
less  than s ix  weeks o f  age a re  unresponsive, and a n a p h y la c t ic  re ac t io n s  
may cause the  loss o f  a s ig n i f ic a n t  number o f  animals (Blood and o th e rs ,  
1 9 7 9 ) .  Although vaccines de r ived  from k i l l e d  organisms do r e s u l t  in  
increased re s is ta n c e ,  i t  appears th a t  a more s o l id  immunity re s u l ts  from  
e i t h e r  na tu ra l  in fe c t io n s  o r  v a c c in a t io n  w ith  l i v i n g  salm onellae  
(Roantree , 1 967 ).
I t  had been mentioned th a t  sa lm o n e llo s is  does not u s u a l ly  
lead  to  high m o rb id ity  in a d u l t  c a t t l e ,  and as such attem pts  are  not 
u s u a l ly  made to  vac c in a te  them. However, Hunter and Peek (1977) noted  
th a t  ten  cows vacc inated  w ith  a dead salm onella  vaccine (Bovivac,
Hoechst (UK) L t d . ,  M iddlesex) a f t e r  an i n i t i a l  outbreak  o f  S. typhimurium  
were mixed about th re e  months l a t e r  w ith  a group o f  27 non-vaccinated  
cows. Two weeks l a t e r  a secondary outbreak  o f  the d isease occurred .
W hile  o n ly  one o f  ten vacc in ated  cows was s ic k ,  high m o rb id ity  (17 o f  27) 
and m o r t a l i t y  (9 deaths) occurred in  the  non-vacc inated  group d e sp ite  
t rea tm en t w ith  a n t i b i o t i c s .  N onetheless , t h is  does nothing to  support 
the view  th a t  the vaccine  was e f f e c t i v e  s in c e ,  as po inted  out by Roantree  
(1 9 6 7 ) ,  the  re s is ta n c e  o f  the  former group might have fo l lo w ed  in fe c t io n  
during  the  i n i t i a l  d isease ou tb reak .
-  Passive immunization o f  ca lves :
Although ca lves  could succumb to  s a lm o n e llo s is  very  e a r ly  in 
l i f e  ( F ie ld ,  19^8; Gibson, 1 9 6 1 ) ,  th e re  a re  disadvantages assoc ia ted  
w ith  the  p a re n te ra l  a d m in is t ra t io n  o f  l i v e  vaccines such as e x c re t io n
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o f the  organisms, death from a n a p h y la c t ic  shock and f a i l u r e  to  induce 
antibody  production in the very  young ca lves  (Rankin and T a y lo r ,  1970; 
Blood and o th e rs ,  1 97 9 ) .  To f o r e s t a l l  these problems, a ttem pts  have 
been made to  p ro te c t  the c a l f  during  i t s  f i r s t  few v u ln e ra b le  weeks o f  
l i f e  by the tra n s fe re n c e  o f  maternal immunity v ia  th e  colostrum o f  t h e i r  
vacc inated  dams. Rankin and T a y lo r  (1970) vacc in ated  pregnant cows w ith  
l i v i n g  a v i r u le n t  S. d u b lin  (S t r a in  5 1 ) .  At b i r t h ,  the  calves  were l e f t  
w ith  t h e i r  dams and were subsequently challenged  w ith  S. typhim urium .
When compared w ith  con tro l ca lves  (o f  unvaccinated dams) s im i la r ly  
ch a llen g ed , th e re  was no d i f fe r e n c e  in e i t h e r  the  death ra te  or in the  
s u rv iv a l  t im e . However, some calves  o f  vacc in ated  dams absorbed l i t t l e  
or no s p e c i f ic  a n t ib o d ie s  in s p i te  o f  t h e i r  dam’ s colostrum  being r ic h  
In the  l a t t e r .  On th e  o th er  hand, G lazov (1972) was ab le  to  prevent  
sa lm o n e llo s is  in calves  by feed ing  colostrum w ith  a high t i t r e  o f  
salm onella  a g g lu t in in s .  Since the  a tta in m e n t o f  an adequate serum 
immune g lo b u l in  le v e l  is  not an in e v i t a b le  sequel to  being l e f t  w ith  the  
dam (Selman, 1969) the f a i l u r e  to  p ro te c t  ca lves  by passive immunization  
in the  former study (Rankin and T a y lo r ,  1967) might have been due to  
f a i l u r e  o f the calves  to  suck t h e i r  dams during  the c ru c ia l  f i r s t  few  
hours o f  l i f e .
The use o f  p u r i f i e d  bovine g lo b u l in s ,  l i k e  passive  
im m unization, appear e q u iv o c a l;  c o lo s t ra l  immunity may a ls o  i n t e r f e r e  
w ith  th e  successful v a c c in a t io n  o f  ca lves  (Yablonskaya, 1965) .
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BOVINE SALMONELLOSIS AND PUBLIC HEALTH
Since la t e n t  in fe c t io n  may become g e n era l ise d  in an in ju re d  
or diseased an im a l,  Wray and Sojka (1977) consider such animals to  be 
the most serious hazard to  p u b l ic  h e a l th .  The presence o f  even small 
numbers o f  salm onellae  in carcass meat and e d ib le  o f f a l  may lead  to  
heavy contam ination  o f  minced meat and sausages and R o b e rts , Boag, H a ll  
and Shipp (1975) found th a t  up to  60 per cent o f  uncooked sausage meat 
o f a la rg e  producer were contaminated w ith  s a lm o n e llae .
In knackery surveys MacCoughey, Pearson and McLelland (1971) 
and C u r t is  (1970) found th a t  about 24 per cent o f  carcasses were in fe c te d  
w ith  sa lm o n e llae .  Human in fe c t io n  d e r iv e d  from domestic pets or t h e i r  
dogs is  probably not a ra re  occurrence (Wray and S o jka , 1 9 7 7 ) .
C a t t le  may o c c a s io n a l ly ,  during the  f e b r i l e  stage o f  
s a lm o n e llo s is ,  e xc re te  the  organism in  t h e i r  m i lk  (Gibson, 1965; 
MacLachlan, 1974) or more l i k e l y ,  in fe c te d  faeces from e i t h e r  a c l i n i c a l  
case or a h e a lth y  c a r r i e r  may contam inate m i lk  during  the m ilk in g  
process.
M i lk  can be contaminated e i t h e r  d i r e c t l y  or in d i r e c t l y  by 
w ater (Wray and S ojka , 1 9 7 7 ) .  Most m i lk  outbreaks re s u lte d  from the  
consumption o f  raw m i lk  m ain ly  on the farms producing the  m i lk ,  but 
e x ten s ive  outbreaks have a ls o  occurred among consumers supplied  
unpasteurized  m ilk  (McCoy, 1 97 5 ) .  Man can a ls o  be a source o f  
contam ination  and Marth (1969) considered th a t  typho id  fe v e r  t ra n s m it te d  
by raw m ilk  appears to  be the most common form o f  s a lm o n e llo s is  which 
can be tra c ed  to  human co n tam in ation .
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Salm onellae have a ls o  been Is o la te d  from d r ie d  m i lk ,  cream, 
b u t t e r ,  cheese and ice-cream  (M arth , 1969; Armstrong, Fodor, Curl in and 
o th e rs ,  1970) .
Wray and Sojka (1977) po in ted  out th a t  sa lm onella  in fe c t io n  in  
anim als  is only  one p a r t  o f  the  salm onella  c y c le .  D im inution  o f  
salm onella  in fe c t io n  does not l i e  in c o n t r o l l in g  a s in g le  f a c to r  o r  
a p p ly in g  a s in g le  c o n t r o l ,  but in devoting  a t t e n t io n  to  i t s  con tro l in 
l i v e s t o c k ,  the h yg ien ic  contro l o f  a b a t t o i r s  and processing p lan ts  and 
continued education in the  hand ling  o f  food (Paterson , 1 9 7 3 ) .
L e g is la t io n  made to  enhance the contro l o f  sa lm o n e llo s is
In B r i t a i n ,  in fe c t io n s  due to  sa lm onella  organisms a re  under 
the co n tro l o f  two S ta tu to ry  Instruments ( S . I . ) :  The Diseases o f
Animals (Waste Food) Order 1973 and the  Zoonoses Order 1975.
The p r in c ip a l  requirem ents o f  the Diseases o f  Animals (Waste 
Food) Order 1973 a re :
A p r o h ib i t io n  on the possession o f  waste food 
which has not been processed (m ainta ined f o r  a t  le a s t  
60 minutes a t  a tem perature  not less  than 100°C or  
t r e a te d  by an a u th o ris ed  a l t e r n a t i v e  process) on any 
premises fo r  the  purpose o f  feed in g  to  l iv e s to c k  or 
p o u ltry  on those premises, unless a l ic e n c e  is  h e ld ,  
o r the feed in g  to  l iv e s to c k  or p o u lt ry  o f  waste food 
or any feeding s tu f f s  which have been in c o n tac t w ith  
waste food unless they have been processed.
P ro h ib i t io n  is imposed on the feed in g  to  any 
an im a l,  p o u lt ry  or o th e r  b ird s  o f  any waste food brought
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in to  B r i t a in  as p a r t  o f  the s to res  on a s h ip ,  a i r c r a f t  
e tc .  or o f  any o th er  waste food which has been in  
contact w ith  such imported s to re s .
The Zoonoses Order 1975 was enacted to  deal w ith  diseases  
which man can c o n tra c t  from animals or b i r d s .  Organisms o f  the Genus 
B ru c e l1 a and the  Genus Salmonel1 a a re  covered by th e  S . I .  The Order 
s t ip u la t e s  th a t :
Where a mammal or o th e r  fo u r - fo o te d  c r e a tu r e ,  or  
a b ird  is  known or suspected to  be c a r ry in g  b ru c e l la  or  
salm onella  organisms, a V e te r in a ry  Inspector can serve  
a n o t ic e  d e c la r in g  the  p lace  where i t  is  o r  has been 
kept to  be an in fe c te d  p lace  and may impose r e s t r i c t io n s  
on the movement and re q u ire  i s o la t io n .
The Order a ls o  enables a V e te r in a ry  Inspector  by 
n o t ic e  to  re q u ire  persons to  c lean and d is in f e c t  places  
or v e h ic le s  where the  presence o f  designated  organisms 
is  known or suspected, e i t h e r  a t  t h e i r  own expense or 
a t  th a t  o f  th e  Government.
Where b ru c e l la  o r  sa lm onella  organisms are  i d e n t i f i e d  
in samples taken from domestic animals o r  b ird s  or from 
t h e i r  carcasses, products or surround ings, anyone who 
knows or  has reason to  suspect th a t  an animal or b ird  
o f  such a species is  or was c a r ry in g  such an organism  
must re p o rt  the  m a tte r  to  the  M in is t r y  o f  A g r ic u l tu r e ,  
F is h e r ie s  and Food or the  Department o f  A g r ic u l tu r e  and 
F is h e r ie s  fo r  Scotland .
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SUMMARY
In B r i t a i n ,  d isease o f  c a t t l e  due to  sa lm onellae  is im portant  
and over 1000 in c id en ts  were recorded by the  V e te r in a ry  In v e s t ig a t io n  
Centre  Labora to ry  s e rv ic e  o f  the M in is t r y  o f  A g r ic u l tu r e  in each o f  the  
l a s t  15 years ; S. d u b lin  and S. typhimurium were the most p re v a le n t  
sero types . H i th e r to ,  most d isease outbreaks were due to  S. d u b lin  
in fe c t io n  but in recent years outbreaks due to  S. typhimurium occurred  
as commonly as those due to  S. d u b l in . The l a t t e r  is  endemic in a d u l t  
c a t t l e  where c a t t l e  d r in k  from streams or dykes o r  where l i v e r  f lu k e  is 
common, fo r  example, the t r a d i t io n a l  c a t t l e  re a r in g  regions o f  Wales 
and West o f  England; in o th e r  pa rts  o f  the  country  the  disease is  
observed m ainly in calves  in in te n s iv e  re a r in g  u n its  (Wray and S ojka ,  
1 97 7 ) .  On the o th e r  hand, w ith  S. typhimurium th e re  a re  no endemic 
areas due to  p e rs is te n t  in fe c t io n  in a d u l t  c a t t l e  and in fe c t io n  is  
f a i r l y  evenly  d is t r ib u te d  throughout the  country  (Wray and S ojka , 1 97 7 ) .
Disease due to  the various  serotypes cannot be d i f f e r e n t i a t e d  
s o le ly  on c l i n i c a l  and p a th o lo g ica l f in d in g s  and b a c te r io lo g ic a l  
examinations are  necessary. S a lm one llo s is  is u s u a l ly  severe in very  
young calves  in which acute  d isease c h a ra c te r is e d  by high f e v e r ,
septicaem ia and c o l la p s e  or profuse d ia rrh o ea  may be found. I t  is
o f te n  more chron ic  in o ld e r  calves and a d u l ts .  In the l a t t e r ,  m o r t a l i t y  
and m o rb id ity  ra tes  a re  u s u a l ly  lower than in the  young; pregnant 
animals may a b o r t .  The c a r r i e r  s ta te  occurs m a in ly  in  the a d u l t  
animal s.
In s e l f  conta ined herds, the  c a r r i e r  a d u l t  animal is  the
usual source o f  in fe c t io n  to  o th e r  a n im a ls .  S tress  fa c to rs  such as
p a r t u r i t i o n ,  concurrent in fe c t io n  and m a ln u t r i t io n  may lead  to
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a c t iv a t io n  o f  in fe c t io n  which in tu rn  may r e s u l t  in severe in fe c t io n  o f  
the foe tus  or new-born c a lv e s .  Such c o n g e n i t a l ly - in fe c t e d  calves  may 
be born dead or weak o r  succumb to  in fe c t io n  soon a f t e r  b i r t h ;  in  
a d d i t io n ,  they may serve as v e h ic le  fo r  spread o f  in fe c t io n  by 
dissem inating  the  organisms throughout the  c a l f  house. B ought-in  
calves a re  im portant in the in tro d u c t io n  o f  in fe c t io n  in to  c lean herds.  
Rodents and o th er  w i ld  an im a ls , contaminated pas tu res , fe e d s tu f fs  and 
w ater may a lso  be the source o f  sa lm onella  in f e c t io n .
Where outbreak  o f  d isease is due to  S. d u b l in . a d u lt  c l i n i c a l  
cases should be s laughtered  s ince recovered an im a ls ,  even those t r e a t e d ,  
in v a r ia b ly  become a c t iv e  c a r r i e r s .  W ith d isease due to  serotypes o th e r  
than S. d u b l in . a f fe c te d  c a t t l e  should be t r e a te d  id e a l ly  a f t e r  
a n t i b i o t i c  s e n s i t i v i t y  t e s t  has been c a r r ie d  o u t .  E f f o r t s  should be 
made to  minimise environmental contam ination  and hence p e rs is te n ce  
and /or  spread o f  in fe c t io n :  c l i n i c a l l y  a f fe c te d  animals should be
is o la te d  o r ,  a t  le a s t  segregated , a l l  manure and e f f l u e n t  from is o la t io n  
premises should be conta ined fo r  disposal an d /o r  t r e a t e d ,  the  contaminated  
premises should be cleansed and d is in fe c te d  be fo re  the  in t ro d u c t io n  o f  
o th er  l iv e s to c k .  Since the development o f  the c a r r i e r  s ta tu s  is not  
common in c a lv e s ,  a ttem pts should be made to  c u r t a i l  ou tbreak  by the  
use o f  drugs in a d d i t io n  to  the  s a n i ta r y  procedures suggested fo r  the  
management o f  outbreaks o f  a d u l t  sa lm o n e llo s is  above.
Outbreaks o f  d isease due to  sa lm onella  organisms in a d u l t  
c a t t l e  and s e l f -c o n ta in e d  herds may be prevented by adopting  s t r i c t  
h yg ien ic  measures in c lu d in g  the  p reven tio n  o f  contam ination  o f  p a s tu res ,  
fe e d - s t u f f s  and w ater and the  b a c te r io lo g ic a l  exam ination  o f  bought-in  
an im als . Strong calves  w ith  high serum gammaglobulin le v e ls  should be
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bought and should be s ing ly -penned  on in t ro d u c t io n  to  l i m i t  spread o f  
disea se . To prevent b a tc h -to -b a tc h  t r a n s f e r  and b u i ld -u p  o f  in f e c t io n ,  
c a l f  houses should be thoroughly  cleansed and d is in f e c te d  between 
batches. Where exposure to  in fe c t io n  is a n t ic ip a t e d ,  ca lves  should be 
vacc in ated  w ith  a l i v e ,  rough S. d u b lin  vac c in e .
Salm onella  in fe c t io n  may be c o n tra c ted  by man from c a t t l e  
through contaminated meat and m ilk  and t h e i r  products in c lu d in g  sausages, 
cream, b u t te r  and cheese. In B r i t a i n ,  two s ta tu to r y  instrum ents  
(p ieces o f  l e g is la t io n )  were enacted to  m inim ise the spread o f  such 
zo o n o tic  in fe c t io n s .  They a re  the  Diseases o f  Animals (Waste Food)
Order 1973 which fo rb id s  the  feed ing  o f  unprocessed waste foods to  
an im a ls ,  and the Zoonoses Order 1975 which compels the  n o t i f i c a t i o n  o f  
in c id e n ts  o f  b ru c e l lo s is  and sa lm o n e llo s is  and the c lean in g  and 
d is in f e c t io n  o f  contaminated premises.
SECTION n
BOVINE SALMONELLOSIS: INVESTIGATIONS INTO A SINGLE ACUTE OUTBREAK IN
HOUSED DAIRY CALVES DUE TO S. DUBLIN INFECTION
H is to ry
In September, 1979, an acute  problem arose In  ca lves  between 
10 and 35 days o f  age and i t  was sai<J to  be c h a ra c te r is e d  by high fe v e r ,  
increased coughing, tachypnoea but no d ia rrh o e a .  I n i t i a l l y ,  th is  
c o n d it io n  was confused by the  farm s t a f f  w ith  the  pneumonia problem 
which had a r is e n  in previous years and fo r  which advice  had a lre a d y  
been sought.
A 10 days o ld  c a l f  (C39) d ied on September 26 d e s p ite  having  
been t re a te d  fo r  pneumonia w ith  in tram u scu la r  procaine p e n i c i l l i n  and 
streptom ycin  fo r  two days; during  th is  tim e i t  had had a p e rs is te n t
fe v e r  o f  about 106°F . Th is  c a l f  (C39) was the 39th c a l f  born in 1979
and was the  f i r s t  death in th a t  y e a r .  The carcass was brought to  the  
V e te r in a ry  School fo r  post mortem exam ination  on September 27.
In v e s t ig a t io n a l  procedure
The farm was v is i t e d  on September 27 a t  which tim e a l l  o f  the  
young calves  were examined and blood-sam pled. Another c a l f  (C38) 
which was moribund a t  the  tim e o f  the v i s i t  was a ls o  taken to  the
V e te r in a ry  School fo r  post mortem exam in at io n .
E a r ly  on September 28 ,  i t  was rep o rted  th a t  both ca lves  (C38 
and C39) were in fe c te d  w ith  Salmonel1 a type D organisms ( f u l l  d e t a i l s  
o f  these f in d in g s  a re  described b e lo w ). Thus, when e v a lu a ted  w ith  
the  h is t o r y ,  c l i n i c a l  f in d in g s  and pathology a t e n t a t i v e  d iagnosis  o f
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sa lm one llos is  (probably due to  S. dubl in in fe c t io n )  was p o ss ib le  w i th in  
one day o f  advice being requested.
The farm was v is i t e d  again on September 28 a t  which tim e a l l  
calves  were examined c l i n i c a l l y .  In a d d i t io n ,  fa eca l swabs were 
obta ined  from a l l  ca lves  and t h e i r  lo c a t io n s  w i th in  th e  var ious  c a l f  
houses were recorded.
Course o f  ac t io n
The r e s u l ts  o f  in v i t r o  a n t i b i o t i c  s e n s i t i v i t y  te s ts  c a r r ie d  
out on the organisms is o la te d  from C38 revea led  th a t  they were s e n s i t iv e  
to ,  among o th er drugs (see below) s e p t r in .  Th is  r e s u l t  was immediately  
communicated to  the general p r a c t i t io n e r  to g e th e r  w ith  advice  to  use 
t r lm e th o p r im /su l phaxdiazine (T r ib r is s e n ,  Boroughs-Wel1 come and Co.,
H e r ts ,  England). Th is  was duly  c a r r ie d  out and a l l  ca lves  were 
immediately dosed w ith  th is  compound in m i lk  a t  5g. per kOkg. bodyweight 
tw ice  d a i ly  fo r  seven days. A l l  ca lves  born a f t e r  the  in c id e n t  were 
a ls o  g iven  the same drug a t  th e  same dosage r a te  fo r  seven days, 
s t a r t in g  on the f i f t h  day o f  l i f e .
As advised , \ k  temporary s in g le  pens were e rec te d  in one h a l f
o f  an ad jacent la rg e  court (see Appendix 1) to  r e l i e v e  pressure
on the  c a l f  house and reduce the  chances o f  newborn ca lves  being  
in fe c te d .  Twelve calves  (C5*+, C55, C5 6 , C57, C5 8 , C59, C150, C l51 »
C l52 , C60, C6l and C62) born between October 7 and 19 stayed in the
la rg e  co u rt  u n t i l  November 21 , 1979 when they were moved to  m u l t ip le  
pens in the  big c a l f  house.
The o ld  beddings were removed from a l l  th e  c a lf -h o u s es  which  
were then thoroughly cleaned out w ith  a h ig h -p re s su re  s te a m - je t .  A
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hose j e t  was a ls o  used to  d is in f e c t  the  c a lf -h o u s es  w ith  Lysol s o lu t io n  
(BP (UK) L t d . ,  Eng land).
In a l l ,  **4 ca lves  were t r e a te d  w ith  T r ib r is s e n  (Boroughs- 
Wellcome, H e r ts ,  England) a t  the  beginning o f  in v e s t ig a t io n s ;  in  
a d d i t io n ,  71 neonatal ca lves  which were subsequently in troduced in to  
th e  c a lf -h o u s es  were a ls o  t re a te d  between September 28 , 1979 and Kay 7 ,  
1980 when the  in v e s t ig a t io n s  were te rm in a te d .
C l in ic a l  in fo rm a tio n  regard ing  th e  cows was ob ta ined  by 
in te rv ie w in g  the dairyman and by examining the  farm records . N e ith e r  
was th e re  any h is to r y  o f  sa lm o n e llo s is  on the farm nor were any 
unexp la ined fe v e rs ,  d ia rrh o e a s ,  ab o rt io n s  or deaths . I t  was thus
| b e l ie v e d  th a t  the  d isease was l im i t e d  to  the c a lv e s .
1I
i
I Although the  fa rm 's  general p r a c t i t io n e r  n o t i f i e d  the
I
I D iv is io n a l  V e te r in a ry  O f f i c e r  o f  the Animal H ea lth  D iv is io n  o f  the
; Department o f  A g r ic u l tu r e  and F is h e r ie s  f o r  Scotland as soon as i t
I
! became c le a r  th a t  the  problem was due to  sa lm o n e llo s is  as re q u ire d  by
the  Zoonosis O rder, 1975, the  b a c t e r io lo g is t  who i d e n t i f i e d  the  organism
| a ls o  made a s im i la r  r e p o r t .
As a r e s u l t  o f  having been n o t i f i e d  o f  the o u tb re a k , a 
V e te r in a r y  O f f ic e r  o f  the  M in is t r y  o f  A g r ic u l tu r e  v is i t e d  the  farm on 
October 5 in order to  o b ta in  f u l l  d e t a i l s  o f  the  problem. He, to o ,  
was o f  the op in ion  th a t  the d isease was l im i t e d  to  th e  c a lv e s ,  
n e v e r th e le s s ,  in view o f  the  f a c t  th a t  th e  problem was present on a 
d a iry  farm and a lso  because many o f  the  e s ta te  s t a f f  to g e th e r  w ith  
t h e i r  f a m i l ie s  were being supplied  w ith  raw m i lk  d i r e c t  from the  bu lk  
ta n k ,  i t  was decided th a t  the m i lk  f i l t e r s  from the  m i lk in g  p a r lo u r  
should be screened fo r  the presence o f  sa lm onella  organisms. I t  was
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agreed th a t  th is  t e s t  should be c a r r ie d  out a t  the  U n iv e r s i ty  o f  Glasgow 
V e te r in a ry  School. C u ltu ra l  exam ination o f  the m i lk  f i l t e r s  from the  
farm was made on October 12, 26 and 30 and sa lm onella  organisms were not 
is o la te d  on any occas ion .
I t  was confirmed th a t  some o f  the people l i v i n g  on the  e s ta te  
who were being g iven a d a i ly  supply o f  f r e e  unpasteu rized  m i lk ,  and in  
p a r t ic u la r  the  byre-man and h is  w i fe  and young fa m ily  had d ia rrh o e a .  
M in is t r y  o f  H ea lth  o f f i c i a l s  took re c ta l  swabs from a l l  the  farm s t a f f  
and t h e i r  f a m i l i e s ,  however none was found to  harbour salm onella  
organisms.
Repeated v i s i t s  were c a r r ie d  out a t  le a s t  tw ice  weekly f o r  a 
period  o f  f i v e  weeks and a l l  newly-born and ap p are n tly  s ic k  ca lves  were 
swabbed a t  le a s t  once w eek ly . The re s u l ts  o f  th is  p a r t  o f  the  
in v e s t ig a t io n s  a re  presented l a t e r  (see s ec t io n  on fa eca l swabs).
By October 30, a l l  o f  the ca lves  which had been i l l  had 
brightened  and no deaths had occurred s ince  C38 was s laughtered  in  
extrem is  on September 28. However, th re e  calves  (C20, C24 and C36) 
developed severe p o l y a r t h r i t i s  during t h is  period  and these were  
purchased fo r  f u r t h e r  s tudy , adm itted  to  the V e te r in a ry  School and 
s laughtered  on October 29.
No signs o r  evidence o f sa lm o n e llo s is  were ever observed  
among the newborn ca lves  which were introduced to  var ious  c a l f - r e a r i n g  
areas a f t e r  trea tm ent was in s t i t u t e d .
C l in ic a l  f in d in g s
C a l f  C39 (carcass o f  which was subm itted on September 26) had 
been extrem ely  i l l  w i th  a high fe v e r ,  cough and tachypnoea fo r
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approximately two days before Its  death.
As a r e s u l t  o f  a v i s i t  and c l i n i c a l  exam inations c a r r ie d  out 
on September 27, 11 calves  out o f  a to t a l  o f  45 were considered to  be 
i l l .  T h e ir  c l i n i c a l  fe a tu re s  are  summarised in Tab le  8 .  Calves C l ,  
C6 and C8 belonged to  the  same age group as c a l f  C2 which was considered  
by the  c a l f  a tte n d a n t to  have " s ta r te d  the  problem" (see be low ). (A 
re c ta l  swab taken from th is  l a t t e r  c a l f  on September 28 was p o s i t iv e  fo r  
S. d u b l i n ) . Among the o ld e r  (2 -3  months o ld  ca lves ) no serious  
c l i n i c a l  signs were seen; one c a l f  (Cl) was s t i l l  coughing f re q u e n t ly  
w h ile  two (C6 and C8) had swollen ta rs a l  an d /o r  s t i f l e  j o i n t s  which was 
accompanied by lameness in one (C6) . The d isease was more severe  
c l i n i c a l l y  in the younger age group; i t  was c h a ra c te r is e d  by d u lln ess  
and tachypnoea in th r e e ,  4 -5  weeks o ld  calves  (C19, C20 and C24) , and 
d u l ln e s s ,  weakness (s te rn a l recumbency most o f the  t im e ) ,  tachypnoea 
and high fe v e r  in fo u r ,  1 -2  weeks o ld  ca lves  (C35, C3 6 , C38 and C42) . 
Only one c a l f  was d ia r rh o e ic  (C36) .  Death occurred in a young (10 days
o ld ) c a l f  (C39) w h i le  another two weeks o ld  c a l f  (C38) was s laughtered  
in e x t re m is ; both had high fe v e r  and were d u l l ,  a n o re x ic ,  and s ev e re ly  
pneumonic. The high fe v e r  had p e rs is te d  in  the face  o f  p a ren te ra l  
p e n i c i l l i n  and streptom ycin  th e rap y .
Post mortem f in d in g s
Two calves  (C38 and C39) were obta ined  a t  the  beginning o f  the  
outbreak  on September 26 (C39) and 27 (C38) . A f u r t h e r  th re e  calves  
(C20, C24 and C36) were obta ined  on October 29 in o rd er  to  in v e s t ig a te  
th e  suggestion th a t  t h e i r  p o l y a r t h r i t i s  was due to  sa lm onella  in f e c t io n .
In c a l f  C38 the lungs were oedematous w ith  small haemorrhages 
s c a tte re d  throughout a l l  the  lobes. There were several patches o f
117
TABLE 8
C l in ic a l  f in d in g s  on ca lves  judged to  be i l l  
d uring  an outbreak  o f  d isease due to  S. d u b l in .
C a l f
Number
Approximate
Age C l in ic a l  Findings
Cl 13 weeks Frequent cough
C6 10 weeks Swollen l e f t  s t i f l e  accompanied 
lameness
by
C8 10 weeks Swollen r ig h t  carpal j o i n t
Cl 9 5 weeks DulI ness, tachypnoea
C20 5 weeks Dul1 ness, tachypnoea
C2k k  weeks Dul1 ness, tachypnoea
C35 2 weeks D ul1 ness, weakness, tachypnoea, p yrex ia
C36 2 weeks D ul1 ness, tachypnoea, d ia rrho ea
C38 2 weeks D u l1 ness, 
(106°F) ,
a n o re x ia ,  tachypnoea,  
moribund
p yrex ia
C42 l^r weeks Dul1 ness, weakness, tachypnoea, pyrex ia
Ckk l j  weeks D u l1 ness, tachypnoea, p y rex ia
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" s o l id 11 haemorrhagic c o n s o lid a t io n  in the  v e n tra l  p a rts  o f  the  
diaphragm atic  lobes. There were many areas o f  c o l la p s e  and 
c o n s o lid a t io n  in the a n t e r io r  lo b es . There were strands o f  grey  
c a ta r rh a l  exudate in the  major bronchi o f  the  d iaphragm atic  lo b es .
The spleen and l i v e r  were e n la rg e d , f i r m  and to x ic  in  
appearance. The kidneys were oedematous and conta ined p e tech ia l  
haemorrhages. On h is to lo g ic a l  exam inat ion , the  areas o f  pulmonary 
c o n s o lid a t io n  were seen to  be due to  an acute  exu d a tive  pneumonia w ith  
much congestion and c o l la p s e .  Most o f  the  la rg e  airways were plugged 
w ith  inflam matory exudate . Although the remainder o f  the t is s u e  was 
non-pneumonic th e re  was a l i t t l e  oedema and congestion . The spleen  
was sev e re ly  congested, i n f i l t r a t e d  w ith  n e u tro p h i ls  and contained a 
few small patches o f c o a g u la t iv e  n e cro s is .
Examination o f  c a l f  C39 revea led  l i t t l e  pneumonic 
c o n s o lid a t io n .  There was excess oedema and some mucopus In the  major  
bronchi o f  a l l  lobes . H is t o l o g i c a l l y ,  th e re  were very  l i t t l e  changes 
in  the  lungs a p a r t  from o v e ra l l  oedema and congestion and some areas o f  
acute  exu d ative  pneumonia.
The p a th o lo g ica l f in d in g s  in  the  th re e  a r t h r i t i c  c a lv e s ,  
which were examined a f t e r  the  outbreak  had subsided, were as fo l lo w s :
In c a l f  C20, the  j o i n t s  were g ro ss ly  en larged  w ith  a l o t  o f  
pus and excess f l u i d  p resen t.  The l i v e r  was en larged  and s l i g h t l y  
p a le .  The lungs, k idneys , gut and spleen a l l  appeared normal.
On h is to lo g ic a l  exam ination , th e re  was marked congestion w ith  
excess n e u t r o p h i l ic  i n f i l t r a t i o n  o f  the spleen and l i v e r .  There were 
e x te n s iv e  haemorrhages in  the  medulla o f  the k id neys ; on ly  a few fo c i
119
o f  congestion was recognised in the c o r te x  u s u a l ly  in v o lv in g  the  
g lo m e ru l i .  There was marked e o s in o p h i l ic  i n f i l t r a t i o n  o f  the gut w ith  
occasional n e u tro p h i ls ,  many lymphocytes and a few plasma c e l l s  sub- 
e p i t h e l i a l  l y .  There was s l ig h t  v i l l u s  h ypertrophy . The lungs were 
m ic ro s c o p ic a l ly  normal.
In c a l f  C2*t, the j o i n t s  were s l i g h t l y  en larged  and contained  
excess f l u i d .  The l i v e r  was s l i g h t l y  en larged  and pa le  and the spleen
was en la rg ed . The kidneys were pa le  and conta ined small haemorrhages.
H is t o lo g ic a l l y ,  the lungs appeared normal. There was a m ild  
n e u t r o p h i l ic  i n f i l t r a t i o n  o f  the  l i v e r .  There was a s ig n i f ic a n t  
n e u t r o p h i l ic  and lymphocytic  i n f i l t r a t i o n  o f  the t is s u e  surrounding the  
c o l le c t in g  tubules  o f  the k id n ey . The spleen was congested and 
i n f i l t r a t e d  w ith  n e u tro p h i ls .  The small in te s t in e  appeared normal.
Examination o f  c a l f  C36 revea led  g ro s s ly  en larged  j o i n t s  w ith  
a l o t  o f  pus and excess f l u i d .  The lungs , l i v e r ,  sp leen , kidney and 
gut appeared norm al.
On h is to p a th o lo g ic a l  exam in a t io n , the  spleen was congested  
and i n f i l t r a t e d  by moderate numbers o f  n e u tro p h i ls .  There was 
m oderately  severe v i l l u s  hypertrophy o f  the  small i n t e s t in e .  The lungs ,  
kidney and spleen appeared normal.
M ic ro b io lo g ic a l  f in d in g s  
-  P a th o lo g ica l m a te r ia ls :
The organisms is o la te d  from the  f i v e  ca lves  which were 
examined p a th o lo g ic a l ly  were as fo l lo w s :
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C a lf  C3 8 : A lc a llg e n es  bronchfsept 1cus. Aerococcus v i r id a n s . P a s te u re l1 a
haemolyttea and S. d u b lIn  (lungs) ; S. d u b l In  was a ls o  is o la te d  from the  
spleen and 1 iv e r .
C a l f  C3 9 : Pasteurel la  haem o ly tica . P. m u lto c id a . E n te ro b ac te r  c loacae
and S. d u b l in  ( lu n g s ) .  Other organs were not examined.
C a lf  C20: B. cereus and Aerococcus v ir id a n s  (lungs) ; C. pyogenes and
A. v i r id a n s  ( j o i n t s ) ; and P. haemolytica and F Iavobacterium  s p .  ( g u t ) . 
Nothing was is o la te d  from the spleen, kidney and l i v e r .
C a lf  C2**: Coryn. bovis and N. p h a ry n g it is  (lungs) ; C. pyogenes and
A. v ir id a n s  ( l i v e r )  ; and A. 1 ig n ie re s i  (g u t ) .  No organisms were 
recovered from the kidneys and j o i n t s .
C a l f  C3 6 : C. pyogenes (lungs) ; C. pyogenes and B. cereus ( jo in t s )  ;
P. haem olytica  and P. m ultoc ida  ( g u t ) ; S tre p , bovis and A. v i r id a n s
(s p le e n );  and Micrococcus sp. ( l i v e r ) .  No organisms were recovered
from the  k idneys.
In v i t r o  a n t i b i o t i c  s e n s i t i v i t y  t e s t  was performed using  
salm onella  organisms is o la te d  from the lung o f  c a l f  C38 . The organism  
was r e s is t a n t  to  p e n i c i l l i n  and s treptom ycin , but s e n s i t iv e  to  s e p t r in  
(+ + + ) ,  neomycin (+ + + ),  Chloramphenicol (+ + + ),  o x y te t ra c y c l  ine (+ + + ) ,  
c h lo r te t r a c y c l  ine (++) , a m p ic i l l i n  (++) , fu ra z o l id o n e  (+) and 
sul phafurazo l e (+) .
Faecal swabs
The re s u l ts  o f  t h is  p a r t  of the in v e s t ig a t io n  a re  presented  
in  F ig u re  3 and Table  3 o f  Appendix 3*
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Figure  3
The re s u lts  o f  examination o f  faeces o f  d a iry  
calves fo r  the  presence o f S. d u b lin  organisms.
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Only th re e  o f  kk  r e c ta l  swabs taken on September 28 were 
p o s i t iv e  fo r  S. dubl in and these were from ca lves  C2, C6 and C2*f. One 
each o f  11 and 26 re c ta l  swabs taken 11 (October 9) and 19 (October 17) 
days l a t e r  was p o s i t iv e .  In a d d i t io n ,  none o f  the  re c ta l  swabs taken
on October 25 or l a t e r  from s ic k  or newly introduced ca lves  was p o s i t iv e  
fo r  sa lm onella  organisms.
Thus, o v e r a l l ,  sa lm onella  organisms were is o la te d  from on ly  
th ree  in d iv id u a l  l i v e  c a lv e s .  A f t e r  trea tm ent w ith  tr im e th o p r im  and 
s u lp h a d ia z in e ,  one c a l f  (C2^) continued e x c re t in g  th e  organism fo r  two 
weeks. No salm onella  organisms were recovered in any ( l i v e  or dead) 
c a l f  l a t e r  than th re e  weeks a f t e r  the  beginning o f  tre a tm e n t .
Z inc su lphate  t u r b i d i t y  values
The mean ZST value  fo r  11 calves  which were judged c l i n i c a l l y  
i l l  (2 1 .8  u n its )  was the  same as th a t  fo r  the a p p a re n tly  h e a lth y  calves  
(Tables 1 and 2 o f  Appendix 3). However, s ince  almost a l l  o f  the calves  
th a t  were present in the c a l f  u n its  a t  the  tim e o f  the outbreak  were  
above one week o f age, these ZST values could not be regarded as a tru e  
r e f l e c t i o n  o f  t h e i r  p a s s iv e ly -a c q u ire d  (c o lo s t r a l )  an tibody  le v e ls .
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DISCUSSION
W ith in  a few days o f the c a l f  a t te n d a n ts  becoming aware th a t  
a severe problem was a r is in g  w i th in  t h e i r  young c a lv e s ,  one d ied and 
w ith in  2k hours a f u r t h e r  animal was found to  be moribund. These calves  
were aged 10 and ] k  days. No o th e r  ca lves  d ied  during  th is  outbreak and 
i t  is  in te re s t in g  th a t  the  p a r t i c u la r  s u s c e p t i b i l i t y  to  severe disease  
and death in p a r t i c u la r l y  young calves  has been recognised by o th e r  
workers (P e t r ie  and o th e rs ,  1 977 ).  N e v e r th e le s s ,  a co n s id e rab le  
number o f  o th er  o ld e r  ca lves  were q u i te  i l l  a t  the t im e o f  the  i n i t i a l  
v i s i t s .  The c l in ic a l  signs seen in a f fe c te d  animals were depress ion ,  
a n o re x ia ,  and high fe v e r ,  tachypnoea and coughing. Only one c a l f  (C36) 
became obviously  d ia r r h o e ic .  The farm s t a f f  i n i t i a l l y  f e l t  th a t  the  
problem was due to  c a l f  pneumonia and t r e a te d  the animals a c c o rd in g ly .
A s im i la r  c l in ic a l  p ic t u r e ,  p resenting  w ith  r e s p i r a to r y  signs and 
associated  w ith  S. d u b lin  in f e c t io n ,  has been described elsewhere  
(Bosworth and L o v e l l ,  1 9 3 1 ) .  Bryson and o thers  (1978b) have a ls o  
described s ix  cases In which S. d u b lin  were the on ly  organisms recovered  
In  reasonable numbers from the lungs o f  ca lves  "which had d ied  a f t e r  
a sudden exacerbation  o f  re s p i r a to r y  s ig n s " .  However, o th e r  workers  
have questioned the suggestion th a t  sa lm onella  in fe c t io n s  may g ive  r i s e  
to  primary lung d isease in calves  (P e t r ie  and o th e rs ,  1 9 7 7 ) .  Moreover,  
o n ly  one o f  the two tachypnoeic ca lves  which were examined a t  the  onset 
o f  the problem had severe lung les io n s  a lthough both o f  them had 
pulmonary in fe c t io n  w ith  S. d u b l in .
Diagnosis o f  sa lm o n e llo s is  was made w i th in  two days o f  adv ice  
being sought on the  bas is  o f  c l i n i c a l  and p a th o lo g ica l f in d in g s  and 
b a c te r io lo g ic a l  exam inations. I t  is  w o rth w h ile  n o t in g ,  however, the  
r e l a t i v e l y  small number o f  calves (and even s ic k  calves) which were
1 2k
found to  be faeca l ex c re to rs  a t  t h is  s ta g e , thus r e - a f f i r m in g  the  
suggestion by Richardson and Fawcett (1973) th a t  in such an in v e s t ig a t io n  
la rg e  numbers o f  faeca l swabs should be taken . Th is  would appear to  
be p a r t i c u l a r l y  im portant where good p a th o lo g ica l m a te r ia l  is  la c k in g .
No attem pts  were made to  is o la te  the organisms from the blood o f the  
c a lv e s .  Gibson (1961) s ta te d  th a t  w h i le  the  causal organism may be 
r e a d i ly  is o la te d  as a heavy pure growth from the parenchymatous organs 
o f calves  dying from acute  s a lm o n e llo s is ,  the  re c ta l  faeces commonly 
f a i l e d  to  y ie ld  sa lm o n e llae . A ls o , s ince  sa lm onella  organisms may be 
present in blood w ith o u t being d etected  in faeces (P e t r ie  and o th e rs ,  
1977) and re c ta l  swabs may be n eg at ive  even when organisms are  present  
In  faeces (Richardson and Faw cett,  1973) the  actua l number o f  calves  
harbouring S. d u b lin  organisms during the outbreak  o f  d isease might have 
been h igher than was recorded.
An e a r ly  d iagnosis  to g e th e r  w ith  the re s u l ts  o f  in v i t r o  
s e n s i t i v i t y  t e s t s ,  a llowed fo r  a ra t io n a l  regime o f  trea tm en t to  be 
promptly evo lved . The e a r l i e r  f a i l u r e  o f  p a re n te ra l  p e n i c i l l i n  and 
streptom ycin  to e f f e c t  a response was not s u rp r is in g  in view o f  the  
usual re s is ta n c e  p a t te rn  o f  S. dubl in to  the l a t t e r  drug (Sojka and 
Hudson, 1 9 7 6 ) .  The drug o f  choice (a combination o f  tr im e th o p r im  and 
su lphad iaz ine) appeared to  work w e ll  in th a t  no new c l i n i c a l  cases 
appeared a f t e r  i t  was introduced and on ly  one c a l f  was found to  be 
e x c re t in g  the organism w h i le  on trea tm ent (and a t  th a t  on only  one 
o c c a s io n ).  Furtherm ore, the fa c t  th a t  none o f  the th re e  ca lves  which 
were s laughtered  one month a f t e r  the  s t a r t  o f  the  problem was found to  
have S. d u b lin  in any t is s u e  examined a ls o  p o in ts  to  the  f a c t  th a t  the  
trea tm ent o f  choice had e f f e c t i v e l y  c le a red  the  in f e c t io n .  However, 
i t  is  p o ss ib le  th a t  th is  c learan ce  was a ls o  a t  le a s t  p a r t i a l l y  due to
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a na tura l  c learance  mechanism ( P e t r i e  and o th e r s ,  197 7 ) .
There are  several  f i e l d  repor ts  o f  successful  c u r ta i lm e n t  of
outbreak  o f  disease in calves due to  S. dubl in (see Section 1) and
P e t r i e  (1980, personal communication) has s u c c e s s fu l ly  c lea red  S. du b l in  
i n f e c t i o n  in calves by using ch loramphenicol .  Whi te  a n d W h i t n e l l  
(1971) suggested t h a t  sheep could be used in pre fe renc e  to  calves  in  
experimenta l  in f e c t io n s  and they  e x p e r im e n t a l ly  in fe c t e d  sheep w i th  
S. dubl in organisms and then t r e a t e d  them w i th  tr imethopr im/sulphonamide.  
Although the drug was e f f e c t i v e ,  re lapses were common. Such relapses
have not been recorded in f i e l d  cases in v o lv in g  c a lv e s .  I t  would be
i n t e r e s t i n g  to  f in d  out i f  such re lapses could a ls o  f o l l o w  exper imental  
i n f e c t i o n  o f  calves  w i th  S. du b l in  organisms.
There was no d i f f e r e n c e  between the serum immunoglobulin l e v e ls
o f  s ic k  or in fe c ted  calves  and those o f  a p p are n t ly  h e a l th y  c a lv e s .
Despite  claims to  the contrary  ( I r w i n ,  197*0 ,  P e t r i e  and others  (1977) 
d id  not f i n d  any c o r r e l a t i o n  between immunoglobulin l e v e ls  and 
s u s c e p t i b i l i t y  o f  calves to  S. e n t e r i t i d e s  i n f e c t i o n  which may suggest 
t h a t  s p e c i f i c  r a th e r  than n o n -s p e c i f ic  a n t ib o d ie s  a re  necessary fo r  the  
p r o t e c t io n  o f  calves  against salmonella  i n f e c t i o n s .
The in f e c t i o n  appeared to be l i m i t e d  to  the c a l f  popula t ion  
although i t  should be emphasised t h a t  a d e t a i l e d  study o f  the  a d u l t  
herd was not c a r r i e d  o u t .  The cows were not examined f a e c a l l y  nor were 
they b lo o d - te s te d  f o r  s p e c i f i c  sa lmonella  a n t ib o d ie s .  However, the  
l a c k  o f  c l i n i c a l  disease and the f a i l u r e  to  c u l t u r e  salmonel lae  from 
the m i lk  f i l t e r s  on three  successive occasions was enough to  convince  
the h e a l th  a u t h o r i t i e s  th a t  the d isease was not present  in the m i lk in g  
herd and hence th e re  was l i t t l e  hazard to  the general  p u b l i c .
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No f i r m  conclusions were drawn as to  the source o f  the problem.  
However, in view o f  the c la im  by Gibson (1961) th a t  outbreaks  such as 
t h i s  usual ly  s t a r t  from cows e x c r e t in g  salmonel lae  a t  p a r t u r i t i o n  and 
perhaps even g iv in g  r i s e  t o  congenita l  i n f e c t i o n s ,  perhaps the evidence  
f o r  lac k  o f  in f e c t io n  in the a d u l t  herd should be viewed w i th  socne 
c a u t io n .  Calves had been purchased from loca l  fanners  and markets  
dur ing  the spr ing o f  1979 although none were around a t  the  t ime o f  t h i s  
o u tbre ak .  However, the o ld e s t  calves  involved in t h i s  outbreak (Cl —C8) 
must have been in -c o n ta c t  w i th  purchased calves  a t  some stage and 
i n f e c t i o n  might wel l  have survived in the b u i ld in g s  throughout the  
summer. Two o f  these o ld e r  calves  (C2 and C6) were a ls o  found to  be 
f aeca l  e xc re to rs  in the September o f  t h a t  y e a r .  In s h o r t ,  the source 
o f  i n f e c t i o n  can never now be de f ined  although as a l re a d y  s t a t e d ,  w h i le  
i t  seems most probable t h a t  i n f e c t i o n  was introduced w i t h  bought - in  
c a lv e s ,  the a d u l t  herd must s t i l l  be viewed w i th  some suspic ion  d e sp i te  
i t s  apparent clean he a l th  record .
F i n a l l y ,  i t  should perhaps be s ta te d  t h a t  in a l l  p r o b a b i l i t y  
much o f  the success in c u r t a i l i n g  t h i s  outbreak  was due to  the high  
standard o f  c le a n l in e s s  and husbandry which was p ra c t is e d  a t  a l l  t imes  
and a ls o  the high degree o f  co -o p e ra t io n  which was evinced by the  farm 
s t a f f  in term o f  at tempts  t o  i s o la t e  newborn ca lves  from o ld e r  animals  
and t o  e f f e c t i v e l y  clean and d i s i n f e c t  the  c a l f  accommodation. The 
poin t  should a ls o  be made t h a t  the  accommodation a t  l e a s t  f o r  unweaned 
calves  was such th a t  proper c leaning  and d i s i n f e c t i o n  were e a s i l y  
p o s s ib le .
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CHAPTER 3
RESPIRATORY DISEASES OF INDOOR CALVES
SECTION I
RESPIRATORY DISEASES OF INDOOR CALVES: A REVIEW OF THE LITERATURE
INTRODUCTION
U n t i l  recent  ye a rs ,  l i t t l e  a t t e n t i o n  was paid to  n o n - p a r a s i t i c  
r e s p i r a t o r y  diseases o f  c a t t l e  because they seemed o f  minor importance  
(M a r t in ,  1978a) .  However, in the past twenty y e a rs ,  as the number o f  
c a t t l e  kept on any farm u n i t  increased under economic pressures,  th e re  
has been a concomitant r i s e  in the prevalence of  r e s p i r a t o r y  i l l n e s s  
(Harbourne, 1966; M a r t i n ,  1978a; Rognoni and Bergamaschi,  1978 ) .
R e s p ira to ry  d isease in housed calves  is a major problem f o r  
the in te n s iv e  beef and d a i r y  in d u s t r ie s  o f  the w o r ld .  Serious  
f i n a n c i a l  losses occur as a r e s u l t  o f  deaths,  c u l l i n g ,  depressed growth 
r a t e  and the necess i ty  f o r  v e t e r i n a r y  t rea tments  ( M i l l e r  and o th e rs ,  
19 8 0 ) .  However, the use o f  a n t i b i o t i c s  has led to  l i t t l e  advance in 
the  e f f e c t i v e  contro l  o f  the  var ious disease syndromes ( P r i t c h a r d ,  1 980 ) .
There are  many records on in v e s t ig a t io n s  in to  outbreaks o f  
c a l f  r e s p i r a t o r y  disease although few o f  them are  comprehensive/  
m u l t i - d i s c i p l i n a r y  s tud ies  (see l a t e r ;  Obi ,  19 7 9 ) .  A host o f  m icro ­
organisms have been assoc iated  w i th  d isease outbreaks (Omar, 1966;  
P h i l l i p s  and Darbyshire ,  1971; Obi ,  1 97 9 ) .  H ic ro-organisms inc lud ing  
b a c t e r i a ,  mycoplasmas, chlamydia,  and v i ruses  have been shown to  be 
capable o f  reproducing the  disease e i t h e r  alone  o r  in combination  
(McKercher,  1 97 8 ) .  Several  organisms considered pathogenic have been 
i s o la t e d  from h e a l th y  and s ic k  ca lves  concomitant ly  dur ing na tura l  
disease outbreaks ( S t o t t ,  Thomas, C o l l i n s ,  Hami lton ,  Jebbett  and L u t h e r ,  
197 8 ) .  Results  o f  in v e s t ig a t io n s  on the  e f f i c a c y  o f  i n a c t i v a t e d
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multicomponent vaccines in co rp o ra t in g  some o f  the  organisms inc r im ina ted  
during disease outbreaks were d is ap p o in t in g  ( S t o t t  and o t h e r s ,  1978;  
M o r z a r ia ,  Maund, Richards and Harkness,  197 8 ) .  Th is  has led  to  the  
concept o f  1 * m u l t i f a c t o r ia l  a e t io lo g y  o f  r e s p i r a t o r y  d is eas e11 ( P r i t c h a r d ,  
1980) and the b e l i e f  t h a t  the  environment o f  the c a l f  may play an 
important ro le  in the pathogenesis o f  r e s p i r a t o r y  d isease (Harkness,  
197 7 ) .
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EPIDEMIOLOGICAL CONSIDERATIONS
D l s t r l b u t i o n
C a l f  r e s p i r a t o r y  disease appears to  occur anywhere calves  are  
housed together  and consequently most re p o r ts  emanate from countr ies  
where the disease is o f  economic importance,  because o f  the high s tocking  
d e n s i t i e s  in such c o u n t r ie s .
Prevalence
There is a dearth o f  in fo rm at ion  on the exact  preva lence o f  
indoor c a l f  r e s p i r a t o r y  diseases even in c o u n tr ie s  where i t  is 
considered to  be o f  economic importance.
In Northern I r e la n d ,  Bryson, McFerran,  Bal l  and N e i l l  (1978a) 
found t h a t  al though pneumonia was noted in groups o f  ca lves  from th ree  
weeks to  nine months o f  age i t  occurred most f r e q u e n t l y  and most 
se v e re ly  In batches aged between two and s i x  months.
In B r i t a i n ,  Leech and others  (1968) repor ted  t h a t  les ions  o f  
r e s p i r a t o r y  t r a c t  were seen in about ten per cent o f  ca lves  sent to  the  
V e t e r in a r y  In v e s t ig a t io n  L a b o ra to r ies  dur ing  1959-61 ,  w h i le  1 0 .8  per cent  
was recorded in calves obta ined dur ing a na t io n a l  survey in 1962 /63 .  
Pneumonic les ions  were seen in 18 per cent o f  c a l f  carcasses examined 
dur ing  a knackery survey by C u r t i s  (1 9 7 0 ) .  Since most c l i n i c a l  cases 
o f  c a l f  r e s p i r a t o r y  d isease,  e s p e c i a l l y  " c u f f in g  pneumonia" do not d ie  
( P i r i e ,  1979)» the actual  preva lence w i l l  be much h igher  than the above 
m o r t a l i t y  f i g u r e s .  Morzar ia  and others  (1978) regard r e s p i r a t o r y  
disease in young calves  as being endemic in the Un i ted  Kingdom.
Thomas and others  (1978) considered t h a t  r e s p i r a t o r y  disease  
was responsib le  f o r  35 o f  67 (52%) deaths among 1002 F r i e s i a n  cross
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c a t t l e  in th re e  beef progeny t e s t i n g  c e n t re s .  S i m i l a r l y ,  H i l l e r  and 
others  (1980) noted t h a t  r e s p i r a t o r y  disease was almost the  on ly  h e a l th  
problem observed among 952 F r i e s ia n  calves  in a commercial veal u n i t ;  
f i f t y  calves  (5.3%) died w h i le  81 per cent o f  n o n - f a t a l  cases had a t  
l e a s t  one course o f  t re a tm e n t .
In Denmark, over a th ree  year  p e r io d ,  Aalund (1978) eva lua ted  
the  e f f e c t  o f  r e s p i r a t o r y  disease among 1010 d a i r y  calves  up to  s ix  
months o ld .  The o v e r a l l  r e s p i r a t o r y  disease a t t a c k  r a t e ,  as judged  
by c l i n i c a l  c r i t e r i a ,  among the calves  from b i r t h  up to  the  end o f  the  
s ix t h  month was 23 per cent w i th  a case f a t a l i t y  r a t e  o f  kO per c en t ;  
hence the r e s p i r a t o r y  disease m o r t a l i t y  in the herd was nine per cent  
and r e s p i r a t o r y  disease accounted f o r  approximate ly  50 per cent o f  the  
economic loss per c a l f .  S i m i l a r l y ,  Rognoni and Bergamaschi (1978) 
reported  th a t  r e s p i r a t o r y  disease was responsib le  f o r  50 per cent o f  
the  m o r t a l i t y  among d a i r y  calves used f o r  beef production in I t a l y  
during 1975 /76 .
M o s t . re p o r ts  on c a l f  r e s p i r a t o r y  disease emanating from the  
U.S .A .  are  on “ shipping fe v e r  complex" which commonly a f f l i c t  f e e d l o t  
c a t t l e  (McKercher, 1978) . A survey conducted on a c o n t i n u a l l y  changing 
popu la t ion  o f  over ^00 ,000  head o f  y e a r l i n g  f e e d lo t  c a t t l e  dur ing a 
one year  per iod  showed t h a t  5.1 per cent sickened ( t h a t  i s ,  became 
c l i n i c a l l y  i l l )  and o f  th ese ,  1 8 .9  per cent d ie d .  About 75 per cent  
o f  the  c l i n i c a l  diagnoses and 6k per cent  o f  the necropsy diagnoses  
were r e s p i r a t o r y  t r a c t  d iseases; o f  the f a t a l i t i e s  from r e s p i r a t o r y  
t r a c t  d iseases ,  75 per cent  were a t t r i b u t e d  to  shipping f e v e r  pneumonia 
(Jensen and o th e r s ,  1976 ) .
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Economic considerat ions
MacLean (1969) est imated losses due to  pneumonia among 
In te n s iv e  beef calves a t  between one and two pounds (£1-2 )  per head a t  
th a t  t ime and th is  est imate  excluded cost  o f  v e t e r i n a r y  care  and 
labour .  He sta ted th a t  enzoot ic  pneumonia ( s i c ) , because i t  occurs  
e a r l y  in the  f a t t e n in g  per io d ,  does not r e s u l t  in severe economic lo s s ,  
provided the pneumonia is not accompanied by a high m o r t a l i t y .
Thomas and others  (1978) found t h a t  trea tm ent  f o r  enzoot ic  
pneumonia was associated w i th  up to  2 . 6  per cent reduct ion  in 1 iveweight  
g a in .  Thomas (1978) est imated the na t iona l  cost to  beef producers in 
1976 o f  death from enzoot ic  pneumonia a t  £ ^ .8  m i l l i o n .  As most calves  
w ith  r e s p i r a t o r y  disease do not d i e ,  h igher  economic losses (due to  
costs o f  v e t e r in a r y  care ,  labour ,  and re ta rd ed  growth ra te s )  would have 
r e s u l te d  from morbid i ty  than from m o r t a l i t y .
In I t a l y ,  the economic losses due to  r e s p i r a t o r y  disease were 
assessed a t  between 3.1 and 7 .5  per cent o f  the average value  o f  c a lv e s .  
The losses due to  r e s p i r a t o r y  disease in I t a l i a n  c a l f  r e a r in g  industry  
were est imated a t  100 b i l l i o n  l i r e  (about £50 m i l l i o n )  per year  
( P i g n a t e l l i ,  1978).  However, i t  should be noted t h a t  most o f  these  
calves  a re  d a i ry -c a lv e s  imported from o the r  c o u n t r ie s  f o r  beef  
product ion and hence the r e l a t i v e l y  high economic loss due to  
r e s p i r a t o r y  disease could be accounted f o r ,  a t  l e a s t  in p a r t ,  by an 
added s t ress  of  (sometimes prolonged) i n t e r n a t i o n a l  t r a n s i t .
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CLINICAL FINDINGS
Selman (1979) pointed out t h a t  a major problem fa c in g  anyone 
who wishes to  discuss r e s p i r a t o r y  disease w i th  o t h e r s ,  is the d i v e r s i t y  
o f  c l i n i c a l  and pathologica l  terms which e x i s t  and the f a c t  th a t  
d i f f e r e n t  terms are  f re q u e n t ly  a p p l ie d  to  the same pulmonary e ve n t ,  or  
v ic e  versa .  Moreover,  th e re  is a dear th  o f  in fo rm a t ion  on d e t a i l e d  
c l i n i c a l  and pathologica l  i n v e s t ig a t io n s  in to  f i e l d  outbreaks o f  
r e s p i r a t o r y  diseases.  Thus, th e re  i s ,  as y e t ,  no un iversa l  agreement 
on the  c l a s s i f i c a t i o n  o f  indoor c a l f  pneumonia on c l i n i c a l  and 
pa tho log ica l  bases. The d e s c r ip t io n  t h a t  fo l lo w s  is based on the  
c l a s s i f i c a t i o n  o f  P i r i e  (19 79 ) .
Indoor c a l f  r e s p i r a t o r y  d isease may be c l a s s i f i e d  in to  e i t h e r
acute  or chronic  pneumonias depending on t h e i r  onset and course,  and
the main c l i n i c a l  fe a tu res  are  summarised in Table  9 .
Acute pneumonias are  u s u a l ly  o f  sudden onset and c h a ra c te r is e d
by d u l ln e s s ,  py rex ia ,  tachypnoea, cough and a mucous to  mucopurulent  
nasal d ischarge.  In c o n t r a s t ,  th e re  are  two d i s t i n c t  forms o f  the  
s o - c a l l e d  chronic  c a l f  pneumonia. The f i r s t  form is c h a ra c te r is e d  by 
tachypnoea and coughing in b r ig h t  calves  and involves almost a l l  
members o f  the group; o therw ise ,  a f f e c t e d  calves  a re  normal.  This  
syndrome has been termed " e p i z o o t i c  b r o n c h i t i s "  (P a rke r ,  1965) and 
" c u f f i n g  pneumonia" ( P i r i e ,  1979 ) .  The second form o f  chronic  
pneumonia is an ind iv idua l  problem and is u s u a l l y  the  r e s u l t  o f  a 
previous unresolved r e s p i r a t o r y  d isease .  I t  is c h a ra c te r is e d  by 
d u l ln e s s ,  v a r ia b le  temperature ,  tachypnoea,  f re q u en t  coughing and 
u s u a l ly  f a i l u r e  to  t h r i v e  (namely chronic  suppurat ive  pneumonia) .
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C lin ical studies on f ie ld  outbreaks of indoor c a lf  pneumonia
Thomas (1973) po inted out t h a t  pneumonia o f  i n t e n s iv e ly  
reared calves is not a w e l l - d e f i n e d  c l i n i c a l  syndrome and is known by 
a v a r i e t y  o f  terms. Thus the c l i n i c a l  syndrome has v a r io u s ly  been 
termed “b r o n c h i t i s "  (Howe, 1891; Thompson, 189 1 ) ,  “ s e p t ic  pneumonia" 
(Smith,  1892; Rowlands, 1906; and Smith,  193*0 , " i n f l u e n z a l  pneumonia" 
(Gi lmore,  1939; Lamont and K e r r ,  1 93 9 ) ,  "contagious pneumonia" ( L o v e l l ,  
19*+5a; White ,  19*+3) and "en zo o t ic  pneumonia (Barr and o th e r s ,  1951 ) .
Records o f  c l i n i c a l  observa t ions  inc lud ing  those o f  Stevenson 
(1967) and Thomas (1973) showed t h a t  acute  and chron ic  pneumonias may 
be found during  the same outbreak.  A ls o ,  one form o f  pneumonia may 
lead to  the o th e r  ( P i r i e ,  1979 ) ,  a l though the exact r e l a t i o n s h i p  is  
s t i l l  a moot p o in t .
A summary o f  the c l i n i c a l  and ep idem io log ica l  f in d in g s  dur ing  
outbreaks o f  indoor c a l f  r e s p i r a t o r y  diseases is presented on Table  10. 
However, since  recorded c l i n i c a l  observat ions  a re  s u b j e c t i v e ,  depth 
and/or  per iod o f  in v e s t ig a t io n s  d i f f e r  and te rm in o lo g ies  v a r y ,  i t  is 
v i r t u a l l y  impossible to  c r i t i c a l l y  compare the var ious  r e p o r ts .
Several  o f  the many p u b l ic a t io n s  on c a l f  r e s p i r a t o r y  diseases  
are  reviews o f  f i e l d  exper ience .  Such a re  the  re p o r ts  on " b r o n c h i t i s "  
(Howe, 1 891 ) ,  " s e p t ic  pneumonia" (Smith,  193*+), and " e n zo o t ic  pneumonia" 
(Barr and o th e r s ,  1 95 1 ) .  J a r r e t t  and o thers  (1953) gave an account  
of the c l i n i c a l  f in d in g s  showed by ca lves  w i t h  les ions  o f  " c u f f i n g  
pneumonia" a t  post mortem. However, i t  is d i f f i c u l t  to  e x t r i c a t e  the  
c l i n i c a l  f i n d in g s  due to  c u f f in g  pneumonia from those due t o  husk from 
the r e p o r t .  A lso ,  in view o f  the heavy m o r t a l i t y  which occurred among
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the  herds in quest ion ,  i t  is  doubtful  i f  the losses were due to  c u f f i n g  
pneumonia per se .
Dawson and o thers  (1 9 66 ) ,  Stevenson (19 67 ) ,  Thomas (1 973 ) ,
A l l a n  and others  (1978) and Bryson and o thers  (1978a,b) gave c l i n i c a l ,  
p atho log ica l  and m ic ro b io lo g ic a l  accounts o f  outbreaks o f  c a l f  r e s p i r a t o r y  
diseases .  The r e s u l t s  o f  t h e i r  works have in essence confirmed the
d i v e r s i t y  o f  c l i n i c a l ,  pa th o lo g ica l  and m ic ro b io lo g ic a l  f in d in g s  t h a t  may
1 1
be encountered during outbreaks o f  c a l f  r e s p i r a t o r y  d iseases .
Nonetheless ,  such d e t a i l e d  in v e s t ig a t io n s  have shown th a t  is o la te d  or  
in d iv id u a l  research e f f o r t s  are  u n l i k e l y  to lead to  a g r e a t e r  understanding  
o f  the  a e t io lo g y  o f  c a l f  r e s p i r a t o r y  d iseases .
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PATHOLOGICAL FINDINGS
The main patho log ica l  fe a tu re s  o f  indoor c a l f  pneumonias are  
set  in Table  11. In cases o f  acute pneumonia, th e re  is a v a r i a b l e  
degree o f  c onso l ida t ion  e s p e c i a l l y  o f  a n t e r o - v e n t r a l  lobes.  The t is s u e  
is  red or  re d /g re y .  There may be abscess form at ion  in the a n t e r i o r  
lobes w i th  b ronch iectas is  and emphysema e s p e c i a l l y  o f  the p o s te r io r  
lobes.
Three types of  acute pneumonias a re  recognised ( P i r i e ,  1979 ) :
Type 1: I n t e r s t i t i a l  emphysema is o f t e n  present  and may be e x t e n s iv e ,
but th e re  is no gross evidence o f  n e c ro s is .  M ic r o s c o p i c a l l y ,  th e re  is 
b r o n c h i o l i t i s  w i th  necrosis o f  the b ro n c h io la r  e p i th e l iu m  but an 
absence o f  p e r ib ro n c h io la r  c u f fs  o f  lymphocytes.  A lv e o la r  e p i t h e l i a l  
hyp erp la s ia  together  w i th  la rg e  m u l t in u c le a te d  syncyt ia  may be seen in 
some cases,  w h i le  e o s in o p h i l i c  in t ra cy to p la s m ic  in c lu s io n  bodies may be 
seen in o th e rs .
Type 2: The predominant l e s io n  is a severe e xu d a t ive  pneumonia u s u a l ly
w i th  widespread t issue  necros is  or  suppuration a f f e c t i n g  a t  l e a s t  h a l f
the lung volume in f a t a l  cases.
Type 3: There is a combination o f  pulmonary congest ion ,  oedema and
h y a l in e  membranes, a l v e o l a r  e p i t h e l i a l  hy p erp la s ia  and i n t e r s t i t i a l  
emphysema. Mul t inuc l  eated sync y t ia  and v i r a l  in c lu s io n  bodies cannot 
be i d e n t i f i e d .  (This l a t t e r  type is seen in ca lves  dying from sudden 
onset r e s p i r a t o r y  d is t re s s  and have been descr ibed as " a ty p ic a l  
i n t e r s t i t i a l  pneumonia".)
When cases o f  " c u f f in g  pneumonia" are  examined a t  necropsy  
l es ions  are  most commonly found a t  the c r a n i a l ,  m id d le ,  and a n t e r i o r
138
TA
BL
E 
11
; 
P
at
ho
lo
gi
ca
l 
Fe
at
ur
es
 
of 
In
do
or
 
Ca
lf 
Pn
eu
m
on
ia
.
01
cn
c
"3
c
u_
O-ou
(AO
©
_C
oco
to
4 -1  o> 
> - © 
o  —
C *3
>- o
«A X I
(AO
l_
o 
©  
c
+
(A
—  E
4 J  3
o a)
— JC 
JC 4J
o  —
C  CL O 0) 1_
CQ
© X> C  
Q- © O
> -  4 -j —  
X  13 t f i 0) 3
I d o  o
—  3  C  
C  —
©  —
X  L  U
—  ^ 3  —
Ql £  —  
© -C
©  04 
i- cn o 
©  i -  c
—  © —  
O >— oi
© o
> -H  ©
3
CL
CL
301
•D
©
©
L .
CL
Ola*o
0)
©
'a .
©
C L>-
©
—  01 
—  © 
© c  
x : ©
4-J I_
—  JQ 
Q- E 
© ©
E
i_
© © 
r— C
o — 
© —  
>  ©
—  > - <  31
©
4-J>-
Oo
-C
Q.
E> - ©  01
— JC JC
4-J 4 -ju- ©
0  © ©— xr
01 O 01 
C u
O  o i
—  o  ©
4-1 C
©  ©  * 3
—  c
3  > - ©
E  —  + J 
3  © X 
O 4-J Oo ©
© r— “O
Cl  c
i -  E  ©  
©  O
.— U  i/lo ©
~  C — 
JC © o 0 3  —  
C XI o x  o 
I -  u  c  
- Q — O
— XI u 
C S X  
©
o_
■O
c
©
"3©c©
-Xo
Ol
Ol0
01 Ol © uOl
XQ
<
x :
4-» —  Ol — ©
—  4-J© o 2 ©^
x :  x i
4-J O— c 
5 o1_
■a jq  ©
4-J M— 
©  —
—  -a■o ©Ol
— o
X I L-
3 JCc  — 
O  M -
CQ
Ol
3
CLOio
3
Ol
cn
c
*3
c
01Ol
ou
CXJ
©
E©
(A>*
X I
CL
E©
.— 01 
©  ©  
—  X I  
4-J O
Ol ■— L. © 
© *3  
4-J 3  
C  ©— o
©~o
3X©
©
>©to
01©cnc0 a
©
E
©
01 >- 
X I 
CL 
E  
©
— © 
4-J E  
01 ©  
L . * 3  
© © 
4-J O 
C
*3
© 31 0) C 
Ol 3
© r—
i_
CL _ _
©  ©  
•O E
L.>* o
—  C
*© 3 ) 
3  C  
01 —  
3  "3 
C
Ol 3  
©  O
© L. 1-  L_
©  3  01
•3
© ©  
■M JC 
©  4J 
"3 — 2 — O0 —
01 © 
C -Oo
t_>
© 
x :  © i- 
3  L- 
01 ©  
01 4-J 
—  © 
4-J O
+ *
4-J
CL
©o
X©
©
c
o
E
3
©
C
CL
O Ol
"3
©
©
"3
0
01
01 c>- o 
© o
2
I- C r— 
— — 31
01
©
3
XIo
Io
L.
©
4J
C
©
c
©
3>- cr 
xi ©
O l L . 
© U -
© 3
o  o  c o © o -a— c > o 
©  —
4-J
o ©
C 3
> - —
—  Q-
© o
3 3 
V i
©
>• c 
>  —  
©
©xr
Ol 4-J Q. 
3 C — 
© 4-J 
Ol "3 *— 
31 C 3 
C 3 z; 
3 XI 
_J <C f i
x:
oi
* 2 ^  
O —  
•—  01 
—  © 
©  4J
> - o  
©
L .
Ol © XI 
c  —  u
O 3 C 
—  3 0
31 L L
© —  X I 
L. O  >—
+  »
©
0  
©
CL01
© 01 
©
C XIo o
©  —  
*3 ©
0 c01 © 
C > 
O
c_>
01
0  O 
4-J E
* 3  ©
© JQ t- O
-X  ,~
L. .—
© ©
* 3  O  " 3  
—  ©
1 CL >  
©  —t- o
3  4-J >
O  -C  C  
—  3 1  —  
O  —
O  DC
©
CL
> •
©
CL
> -
h -
©
CL
> -
f -
©
31 C 
C O 
— E
»*- 3 
M— ©  
3 C 
O  Q-
01
O —
—  4-J 
4-J —  
O -C 
O ©  
N C— o
CL L. 
LU  CC
©
>
—  ©
u  © c o
c  3  E 
O  CL 3
i-  CL © 
JC 3  C 0  1 /1 0 -
01
©
co
© E
4-j 3 
3 ©
o  c
<  CL
01
©
o c 
—  O
o  I
V_ ©
JC c 
O  Q_
©1-
©c
©3
139
p a r t  o f  the caudal lobes of  both lungs w i th  the c r a n ia l  lobe o f  the  
r i g h t  lung being the main area  a f f e c t e d .  ( I t  should be emphasised 
t h a t ,  u s u a l l y ,  such cases have been s laughtered  and t h a t  calves  do not  
normally  d ie  o f  uncomplicated " c u f f i n g  pneumonia".)
The les ions  which a re  dark  red in co lour  due to  p a r t i a l  
co l la p s e  o f  the lung t is su e  a re  depressed below the surrounding normal 
lung lo b u les .  The bronchi may conta in  excess c a t a r r h a l  exudate .  In
severe cases grey spots grouped in threes  or fours re pres ent ing  the  
bronchia l  re a c t io n  may be seen and when the pneumonic lung is c u t ,  
l a r g e  amounts o f  grey c a ta r rh a l  f l u i d  may exude from d i l a t e d  small  
bronch i .  At t h i s  s tage,  the a l v e o l i  a re  co l lapsed  and conta in  few 
c e l l s .  M ic ro s c o p ic a l ly  in the p e r ib ro n c h io la r  connective  t issues  
th e r e  are  c u f fs  o f  lymphoid c e l l s  arranged e i t h e r  d i f f u s e l y  or  as 
f o l l i c l e s  some o f  which may have germinal  c e n t re s .  A monocytic  
a l v e o l i t i s  or a lv e o l a r  c o l la pse  may be p resent .  Compl icat ing les ions  
such as b ro n c h io la r  polyps,  abscesses,  b ro n c h iec ta s is  and exudat ive  
pneumonias are  sometimes found.
Parker (1965) described two in c ide n ts  o f  r e s p i r a t o r y  disease  
outbreaks which are  c l i n i c a l l y  and e p id e m io lo g ic a l1y i n d is t in g u is h a b le  
from c u f f i n g  pneumonia described by P i r i e  (1 9 7 9 ) .  He (Parker)  s ta te d  
th a t  th e re  was u s u a l ly  no evidence o f  pneumonic c o n s o l id a t io n  and the  
micro-organisms involved were mixed and v a r i e d ;  and suggested the term 
" e p i z o o t i c  b r o n c h i t i s "  should be reserved f o r  t h i s  syndrome.
In chronic  suppurative  pneumonia (CSP) a f f e c t e d  segments a re  
w el l  demarcated and areas o f  suppurat ion and necrosis  w i th  
b ro n c h iec ta s is  and pulmonary abscesses a re  found m ain ly  in the c r a n ia l  
parts  o f  the lungs.
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PATHOLOGICAL SURVEYS
Many pathologica l  surveys have been c a r r i e d  o u t ,  e i t h e r  alone  
or in ass o c ia t io n  w i th  c l i n i c a l  in v e s t i g a t i o n s ,  in an a ttempt to  f i n d  
the  e x te n t  and cause o f  c a l f  r e s p i r a t o r y  d isease .  Apparently  h e a l th y ,  
s ic k  and dead calves have been used f o r  p a tho log ica l  and m ic ro b io lo g ic a l  
stud ies  and a summary o f  the post mortem survey f in d in g s  are  presented  
in Table  12.
R es p ira to ry  disease was considered to  be whol ly  or  p a r t i a l l y  
respons ib le  f o r  death in 1 0 .8  per cent o f  calves  examined p a t h o l o g i c a l l y  
(Leech and o th e rs ,  1968).  L a t e r ,  C u r t is  (1970) c a r r i e d  out a knackery 
survey to  in v e s t ig a te  the post mortem f in d in g s  on young dead c a lves .  
Eighteen per cent o f  a l l  (200) deaths were assoc ia ted  w i th  pneumonias; 
h a l f  o f  these were suppurative  pneumonia whose r e l a t i v e  incidence  
increased w i th  age and the o ther  h a l f  were diagnosed as lung congestion  
and inf lammation.
Gourlay and others (1970) made m ic ro b io lo g ic a l  and 
p a tho log ica l  observations on pneumonic lungs obta ined from k5 c l i n i c a l l y  
h e a l th y  th ree  month old veal calves and 20 calves  o f  var ious  ages t h a t  
had died or  had been k i l l e d  in e x t r e m is . Per ib ro n ch ia l  lymphoid 
h y p erp las ia  was observed in 75 .5  per cent o f  the lungs o f  the c l i n i c a l l y  
h e a l th y  calves  but in only f i v e  per cent o f  the dead or dying c a lv e s .  
However, assessment of  pa thologica l  changes in r e l a t i o n  t o  i s o l a t i o n  
o f  micro-organisms f a i l e d  to  show c o n s is te n t  or c h a r a c t e r i s t i c  p a t te rn s  
of  a s s o c ia t io n .  The b a c t e r i a l  f l o r a  o f  pneumonic and non-pneumonic 
lungs o f  calves  was in v es t ig a te d  by A l l a n  (1978) in an a t tempt  to  
determine the s ig n i f ic a n c e  o f  b a c t e r ia  in r e s p i r a t o r y  d iseases .  
S i x t y - t h r e e  (65%) o f  92 calves  examined had pneumonia. At l e a s t  in
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t h i s  sample, exudat ive  type les io n s  were most c h a r a c t e r i s t i c  o f  the  
pneumonia in the younger calves  up to  two months o l d ,  w h i le  a more 
p r o l i f e r a t i v e  r e a c t io n  p a r t i c u l a r l y  o f  lymphocytes,  was f r e q u e n t ly  
observed in the o ld e r  animals .  No d i f f e r e n c e s  were observed in the  
b a c t e r i a l  i s o l a t i o n  f requencies  between pneumonic and non-pneumonic 
lungs.  A lso ,  no a s s o c ia t io n  was found between the  age o f  the  c a l f  
and e i t h e r  the number o f  i s o la t i o n s  made or  the species is o la t e d  from 
pneumonic and non-pneumonic t i s s u e .
Thomas (1978) reported t h a t  in B e rks h i re ,  11 per cent o f  935 
c a t t l e  were found to  have s i g n i f i c a n t  les io n s  a t  s la u g h t e r .  The 
m a j o r i t y  o f  these les ions  were a " c u f f i n g "  pneumonia which was 
assoc ia ted  w i th  up to  7 .2  per cent reduct ion  in l i v e - w e ig h t  g a in .  A 
s i g n i f i c a n t  c o r r e l a t i o n  was found between the inc idence o f  enzoot ic  
pneumonia during  l i f e  and " c u f f i n g  pneumonia" (as judged by microscopic  
path o lo g ica l  c r i t e r i a )  a t  s la u g h te r  in these c a t t l e  d e s p i te  the f a c t  
th a t  the  animals were s laughtered a t  around 12 months o f  age.
Of the above post mortem surveys only  Gourlay and others  
(1970) gave s u b s tan t ia l  in form at ion  on the  v a r i e t y  o f  post mortem 
l e s io n s  encountered.  However, these surveys,  e s p e c i a l l y  those o f  
Gourlay and others  (1970) and Thomas (1 9 78 ) ,  have shown t h a t  a p p a re n t ly  
h e a l th y  calves  may harbour a v a r i e t y  o f  pathogenic  and non-pathogenic  
micro-organisms and a lso  (they claimed) have s i g n i f i c a n t  pneumonic 
l e s io n s .  The l i m i t s  o f  the usefulness o f  such animals in experimenta l  
i n v e s t ig a t io n s  have been stressed by Gourlay and Howard (1978) and,  
o f  course,  much depends upon what these workers considered as being  
normal,  or  a cc ep ta b le ,  in c l i n i c a l  terms.
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In conclus ion,  post mortem surveys have thrown l i g h t  on the  
severe m o rb id i ty  and m o r t a l i t y  from cal fhood pneumonias and the  
assoc iated  micro-organisms. However, the l a c k  o f  an account o f  the  
c l i n i c a l  and epidemiologica l  fe a tu re s  assoc iated  w i th  the  les ions  
encountered have l i m i t e d  the usefulness o f  the  c o n t r ib u t io n s  t h a t  these  
have made to  the understanding o f  the a e t io lo g y  o f  c a l f  r e s p i r a t o r y  
d isease .  In p a r t i c u l a r ,  there  is s t i l l  much to  be learned regard ing  
the  s u b c l in ic a l /p r o d u c t io n  e f f e c t s  o f  these widespread pulmonary 
i n f e c t io n s  o f  young, in te n s iv e ly  managed c a lv e s .
THE AETIOLOGY OF RESPIRATORY DISEASES OF INDOOR CALVES
A host o f  micro-organisms have been i s o la t e d  from the  
r e s p i r a t o r y  t r a c t s  o f  calves involved in outbreaks o f  indoor c a l f  
pneumonias (Omar, 1966; P h i l l i p s  and D arbysh ire ,  1971; Obi ,  197 9 ) .
Many o f  these have been used in a ttempts to  reproduce c l i n i c a l  signs  
an d /or  pa tho log ica l  les ions  o f  r e s p i r a t o r y  d isea se ,  a l though v a r i a b l e ,  
and a t  t imes,  c o n f l i c t i n g  r e s u l t s  have been obta ined by d i f f e r e n t  
workers even when using the same organisms. The problem is f u r t h e r  
compl icated by the reports  o f  i s o l a t i o n  o f  supposedly pathogenic  
organisms from normal lungs ( A l l a n ,  1 9 7 8 ) .
Since micro-organisms were mostly  inc r im in a te d  on basis o f  
t h e i r  presence in calves involved in outbreaks o f  r e s p i r a t o r y  d iseases ,  
attempts  were made to  e va lua te  t h i s  c r i t e r i o n  by comparing the r e l a t i v e  
preva lence  o f  such micro-organisms between a p p are n t ly  he a l th y  calves  
and those a f f e c t e d  by or  which have d ied from r e s p i r a t o r y  d iseases .
Other  s tud ies  have compared the m i c r o - f l o r a  o f  pneumonic and non-  
pneumonic c a l f  lungs.
A l i s t  o f  micro-organisms i s o la t e d  from r e s p i r a t o r y  t r a c t s  o f  
calves  is presented in Tables 13a ,  b and c .  Several  workers gave the  
source o f  organisms is o la te d  as "pneumonic" or "non-pneumonic" lungs 
w ith o u t  sp ec i fy in g  the c l i n i c a l  h i s t o r y  t h a t  i s ,  whether the c a l f  was 
c l i n i c a l l y  h e a l th y ,  acute  or  c h r o n i c a l l y  pneumonic or  dead. In such 
cases,  those from pneumonic (P) and non-pneumonic (NP) ca lves  are  
entered  under the  column f o r  " c l i n i c a l l y  pneumonic" and "ap p aren t ly  
h e a l th y "  calves  r e s p e c t i v e l y .  However, i t  has been s ta te d  th a t  some 
c l i n i c a l l y  pneumonic calves  show no macroscopic lung les ions  a t  necropsy  
(P a rke r ,  1965) w h i le  some a l l e g e d l y  h e a l th y  calves  have pneumonic
TABLE 13a
B a c te r ia  i s o la t e d  f rom  th e  r e s p i r a t o r y  t r a c t  o f  c a lv e s .
BACTERIA
SOURCE (CALVES)
REFERENCEApparentl  y heal thy
Cl i n i c a l l y  
pneumonic Dead
A c inetobacter  so. P A l l a n ,  1978
A c inetobacter  so. + P r i t c h a r d  and o t h e r s , 1979
A c t in o b a c i l  lus sp. + + Gourlay and o t h e r s , 1976
A c t i n o b a c i l 1 us l i q n i e r e s i NP P A l l a n ,  1978
Actinomyces sp. + Gourlay and o th e r s ,  1976
Aerococcus sp. + A l la n  and o t h e r s , 1978
Aerococcus v i r id a n s NP P A l l a n ,  1978
Aeromonas formicans + - Goutlay and o t h e r s , 1970
A lc a l iq e n e s  faecal  is + Howard and o t h e r s ,  1976
B a c i l lu s  brev is + Howard and o th e r s ,  1976
B a c i l lu s  c i rc u la n s + Howard and o t h e r s , 1976
B a c i l lu s  coaqulans + Howard and o t h e r s , 1978
B a c i l lu s  lactosporus + Howard and o t h e r s , 1976
B a c i l l u s  1 icheni formis + Howard and o t h e r s , 1976
Bactero ides sp. + Gourlay and o t h e r s , 1976
B ru c e l1 a abortus P Levi  and Cotch in ,1950
C i t r o b a c t e r  f r e u n d i i + Howard and o t h e r s , 1978
Coryn. bovis + A l l a n  and o t h e r s , 1978
Coryn. bovis + A l l a n ,  1978
Coryn. pyoqenes + Gourlay and o t h e r s , ! 970
Coryn. pyoqenes + Barr and o t h e r s , 1951
Coryn. xeros is NP A l l a n ,  1978
C l . bife rmentans + Howard and o t h e r s , 1976
C l . butyricum + Gourlay and o t h e r s , 1976
C l . inoculurn + Howard and o t h e r s , 1976
C l . per f r in q en s + C o l l i e r  and Rossow, 1964
E. c o l i + Gourlay and o t h e r s , 1970
E. c o l i + Barr  and o t h e r s , 1951
Enterobacte r  sp. + Gourlay and o t h e r s , 1979
Eubacterium sp. + Gourlay and o t h e r s , 1979
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TABLE 13a ( c o n t 'd )
SOURCE (CALVES)
BACTERIA Apparentl  y  
heal thy
C l i n i c a l l y  
pneumonic Dead
REFERENCE
Fusi form is  necrophorus P Levi  and Cotch in ,1950
Haemophilus sp. + W a t t ,  1952
Haemophilus sp. NP A l l a n ,  1978
Haemophilus somnus + P r i t c h a r d  and McLeod,1977
Hafn ia  sp. + Gourlay and o t h e r s , 1979
K l e b s i e l l a  sp. NS Darbyshire  and o t h e r s , 1966
Micrococcus sp. + Gourlay and o t h e r s ,  1970
Micrococcus lu teus NP P A l l a n ,  1978
N e is s e r ia  c a ta r rh a l  is + P r i t c h a r d  and o t h e r s , 1979
N e is s e r ia  c a ta r rh a l  is + Chinn, 1963
N e is s e r ia  c a t a r r h a l i s P Hunter and Harbourne ,196k
Nocardia  sp. NP P Gourlay and o t h e r s , 1976
P a s t e u r e l l a  haemolyt ica + Gour lay  and o t h e r s , 1970
P a s t e u r e l l a  haemolyt ica + C u r t i s ,  1970
P a s t e u r e l l a  multocida + Gourlay  and o t h e r s , 1970
P a s t e u r e l l a  multocida + Anon, 1978
Proteus v u lq a r is P
Salmonel1 a dub l in P Gourlay and o t h e r s , 1970
Salmonel1 a dubl in + + Bryson and o t h e r s , 1979
Staph, aureus + P r i t c h a r d  and o t h e r s , 1979
Staph, aureus + T u t t ,  19^1
Staph, epidermicus + Gourlay and o th e r s ,  1970
Staph, epidermicus P A l l a n ,  1978
S t re p ,  bovis NP P A l l a n ,  1978
S t re p ,  bovis + Gour lay  and o t h e r s , 1970
S t re p ,  d y sq a la c t ia + Howard and o t h e r s , 1976
S t re p ,  l a c t i s + Howard and o t h e r s , 1976
S t re p ,  m i t i s + Gourlay and o t h e r s , 1970
S t re p ,  m i t i s NP P A l l a n ,  1978
Stre p ,  pneumoniae NP P A l l a n ,  1978
S t r e p ,  v i r id a n s + Stevenson, 1967
NP : Organism is o la te d  from non-pneumonic lung t i s s u e
P : Organism is o la te d  from pneumonic lung t is s u e
NS : Not s ta ted
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TABLE 13b
Mycoplasmas i s o la te d  f ro m  th e  r e s p i r a t o r y  t r a c t  o f  c a lv e s
SOURCE (CALVES)
MYCOPLASMAS Apparent ly  heal thy
C l i n i c a l l y  
pneumonic Dead REFERENCE
M. a lkalenscens NS Gourlay  and o th e rs ,  1979
M. a r g i n i n i NS Gourlay and o t h e r s ,  1979
M. b o v i r h in is + A l l a n  and o t h e r s ,  1978
M. b o v i r h in is + P Gour lay  and o th e r s ,  1970
M. bovis + + + Thomas and o t h e r s ,  1975
M. d isp ar + P Gourlay and o t h e r s ,  1970
M. d is p ar + P i r i e  and A l l a n ,  1975
A. l a i d l a w i i + Thomas and Smith,  1972
A. l a i d l a w i i + A l l a n  and o th e r s ,  1978
A. modicum NS Gourlay and o t h e r s ,  1979
Ureaplasma sp. + + Gourlay and o t h e r s ,  1970
Ureaplasma sp. + P i r i e  and A l l a n ,  1975
NS: C l i n i c a l  d e t a i l s  not s ta te d .
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TABLE 13c
V iru s e s  i s o la t e d  f rom  th e  r e s p i r a t o r y  t r a c t  o f  c a lv e s .
SOURCE (CALVES)
VIRUSES Apparently  
heal thy
Cl i n i c a l l y  
pneumonic Dead
REFERENCE
Adenovi rus + P Omar, 1966
Adenovi rus + + S t o t t  and o t h e r s , 1978
BVD + P h i l l i p  and Darbyshire ,  
1971
Enterovi  rus + Thomas, 1973
Enterovi  rus + S t o t t  and o t h e r s , 1978
In fe c t io u s  Bovine 
R h in o t r a c h e i t is  (IBR)
+ Darbyshire  and Shanks,
1963
Para in f lue nza  (P 13) 
vi  rus
+ + S t o t t  and o t h e r s , 1978
PI 3 + + Thomas, 1973
Parapoxvi  rus + Moreno-Lopez and L i f ,  
1979
Reovirus + Omar, 1966
Rhinovi rus + Bogel , 1968
Rhinovi rus + + S t o t t  and o t h e r s , 1978
RSV + + S t o t t  and o t h e r s , ! 978
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l es io n s  (Gourlay and o th e rs ,  1970) .
In the  U . S .A . ,  C o l l i e r  and Rossow (1964) in v e s t ig a te d  the  
m i c r o - f l o r a  o f  gross ly  normal lung t i s s u e  o f  88 c l i n i c a l l y  hea l th y  
c a t t l e .  No p a s t e u r e l l a e  o r  v i ruse s  were is o la t e d  and i t  was concluded  
t h a t  P a s te u r e l1 a sp. and v i ruses  cytopathogenic  f o r  BEK c e l l  c u l tu re s  
are  not associated  w i th  app are n t ly  h e a l th y  t i s s u e  o f  the lower  
r e s p i r a t o r y  t r a c t  o f  c a t t l e .
Thomas and Smith (1972) s tud ied  the d i s t r i b u t i o n  o f  
mycoplasmas in 70 bovine lungs which macroscopica l1y were non-pneumonic.  
H. d i s p a r . H. b o v i r h in is  and A. l a id la w i?  were i s o la t e d ;  non-pneumonic 
calves  in the age group three  to  fo u r  months showed a c t i v e  c o lo n is a t io n  
o f  a l l  par ts  o f  the r e s p i r a t o r y  t r a c t ,  inc lud ing  the  actual  lung t i s s u e ,  
by la r g e  numbers o f  mycoplasmas.
Gourlay and others  (1970) examined pneumonic lung m a te r ia l  
obta ined from 45 a p p a re n t ly  ( c l i n i c a l l y )  h e a l th y  th re e  month o ld  veal  
calves  and 20 calves  o f  var ious ages which had died or had been k i l l e d  
in extremis  and which a t  autopsy were found to  have pneumonia.
P a s t e u r e l1 a sp. were is o la te d  w i th  equal frequency from both sets  o f  
lungs.  M. b o v i r h i n i s . M. d ispar  and T.  mycoplasmas were a ls o  is o la te d  
from both sets o f  lungs.  The common occurrence o f  " c u f f i n g  pneumonia" 
in a p p aren t ly  hea l th y  calves  and the very  low incidence in the group 
t h a t  d ie d ,  and which had a very high incidence o f  mycoplasma i s o l a t i o n s ,  
were suggested as being in d i c a t i v e  o f  the f a c t  t h a t  lymphoid h y perp la s ia  
and mycoplasma i n f e c t i o n  a re  not connected.
In c o n t ra s t  to  the above o bserva t ion  by Gourlay and others  
( 1 9 70 ) ,  P i r i e  and A l l a n  (1975) who in v e s t ig a te d  the p o s s i b i l i t y  o f  a 
r e l a t i o n s h i p  between mycoplasmas and c u f f i n g  pneumonia, i s o la te d
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M. d ispar  and Ureaplasma spp. from pneumonic s ix  month o ld  calves  but  
not non-pneumonic lungs.  They ( P i r i e  and A l l a n ,  1975) concluded th a t  
M. d ispar  and Ureaplasma spp. were s i g n i f i c a n t l y  assoc ia ted  w i th  the  
presence o f  a c u f f i n g  pneumonia.
A l l a n  (1978) in v e s t ig a te d  the b a c t e r i a l  f l o r a  o f  63 pneumonic 
and 29 non-pneumonic c a l f  lungs.  S i x t y - f i v e  per cent o f  pneumonic 
lungs and 72 per cent o f  non-pneumonic lungs y ie ld e d  b a c t e r i a .  No 
. d i f f e r e n c e  in the  species is o la te d  from pneumonic and non-pneumonic 
t i s s u e  was found. P a s te u r e l1 a spp. were most commonly i s o la te d  from 
both groups, a s l i g h t l y  higher  i s o l a t i o n  r a t e  o f  P. multoc ida  and 
P. haemolyt ica being made from pneumonic lungs.  There d id  not appear  
to  be any d i f fe r e n c e s  between pneumonic and non-pneumonic animals in the  
i s o l a t i o n  frequencies  o f  the o ther  ( less  commonly) i s o la t e d  species.
Most b a c t e r ia  were iso la te d  in small numbers from both pneumonic and 
non-pneumonic t i s s u e ,  and the re  appeared to  be no a s s o c ia t io n  between 
i s o l a t i o n  frequency o f  the species recovered from pneumonic and non- 
pneumonic calves  and the age o f  the an ima ls .  A l l a n  (1978) concluded 
t h a t  the  importance o f  the number o f  organisms and the species of  
b a c t e r i a  involved in many r e s p i r a t o r y  outbreaks is not known.
S t o t t  and others  (1978) monitored calves  in groups o f  80-100  
from less  than 10 days old u n t i l  they were e ig h t  months o l d .  
Nasopharyngeal swabs and blood were c o l le c t e d  from the same e ig h t  ca lves  
in a group every  three  weeks f o r  v i ru s  i s o l a t i o n  and sero logy .
I n f e c t i o n  was diagnosed e i t h e r  by v i r u s  i s o l a t i o n  or  by demonstrat ion o f  
a f o u r - f o l d  or g re a t e r  r i s e  in antibody  t i t r e  in consecutive  sera .  
P ara in f lu e n z a  type 3 (P13) v i r u s ,  R e s p ira to ry  Syncyt ia l  V i ru s  (RSV) , 
Rhinovirus  (RV), Adenovirus (AD), and E n te ro v i ru s  (ENT) were is o la te d
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from both apparen t ly  hea l th y  and pneumonic c a lv e s .  The percentages o f  
Mucosal Disease V i r u s ,  AD, Reov irus ,  and ENT i n f e c t io n s  which occurred  
during outbreaks o f  ( r e s p i r a t o r y )  disease were not s t a t i s t i c a l l y  
s i g n i f i c a n t l y  d i f f e r e n t  from the  expected va lue  o f  2 1 . 4  per c en t .  
T h i r t y - e i g h t  per cent o f  P13 in fe c t io n s  and 58.1 per cent o f  RSV 
i n fe c t io n s  were detected during outbreaks and the  d i f f e r e n c e  between 
these values and the expected (21.4%) was h ig h ly  s i g n i f i c a n t .
Rhinovirus  in fe c t io n s  were a lso  found to  occur more o f t e n  than expected  
but were less  s i g n i f i c a n t l y  assoc ia ted  w i th  pneumonic inc iden ts  than 
e i t h e r  P13 or RS v i r u s .  i t  was concluded t h a t  the  survey in d ica ted  
t h a t  P13 and RSV and to  a le s s e r  e x t e n t ,  RV i n f e c t io n s  a re  s i g n i f i c a n t l y  
assoc iated  w i th  outbreaks o f  r e s p i r a t o r y  d is eas e .  Subsequently ,  S t o t t  
and others  (1978) in fec ted  15 calves  w i th  P13 and 15 w i th  RSV but 
c l i n i c a l  signs were not de tected .  An in a c t i v a t e d  vaccine  was prepared  
in order  to  determine whether the  a s s o c ia t io n  between P13 and disease  
was a causal one.  T r i a l s  on 61 animals showed t h a t  the vaccine  
protected  70-100 per cent o f  calves  a g a in s t  exper imenta l  i n f e c t i o n  and 
as a r e s u l t  the vaccine was then used dur ing two w in te r s  on the  same 
l a r g e  beef farm.  A t o t a l  o f  267 animals were vacc in ated  and 320 calves  
remained as c o n t r o ls .  R e s p ira to ry  d isease was detected  in 1 5 .4  per 
cent o f  the vaccinated animals and in  9.1 per cent  o f  the c o n t r o ls .  Thus,  
a vaccine which reduced the incidence o f  P 13 i n f e c t i o n  d id  not reduce 
the  incidence o f  d isease.  The conclus ion was t h a t  al though P13 
i n f e c t i o n  occurs during outbreaks o f  d is ease ,  i t  may not be an important  
cause o f  d isease.
In conclus ion,  the i s o l a t i o n  o f  supposedly pathogenic  organisms 
from app aren t ly  hea l thy  calves and non-pneumonic c a l f  lungs has shown 
t h a t  the mere presence o f  a micro-organism in any p ar t  o f  the r e s p i r a t o r y
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t r a c t  is i n s u f f i c i e n t  evidence to  be used in in c r im in a t in g  the organism 
as the cause o f  d isease.  T h is ,  in p a r t ,  is the basis  f o r  the var ious  
hypothesis  regarding the r o le  o f  environmental  o r  o th e r  predispos ing  
f a c t o r s .
Predisposing fa c to rs
F a i l u r e  to e x p e r im e n t a l ly  reproduce indoor c a l f  r e s p i r a t o r y  
diseases o f  the same s e v e r i t y  as those in na tura l  outbreaks wi th  
inc r im in a te d  organisms, the o f t e n  marked seasonal incidence and in some 
cases c h a r a c t e r i s t i c  ep idem io log ica l  fe a tu re s  ( f o r  example,  recent  
t r a n s p o r t a t io n  in shipping fe v e r  complex) have led to  the  b e l i e f  t h a t  
predisposing and/or  environmental /managemental  f a c t o r s  are  important in 
p r e c i p i t a t i n g  and/or  d i c t a t i n g  the s e v e r i t y  o f  r e s p i r a t o r y  diseases.
Such ex te rna l  f a c t o r s  as have been in c r im in a te d  in the a e t io lo g y  
o f  r e s p i r a t o r y  diseases o f  indoor calves  and o th e r  species are  presented  
in Tables  I 4 a n d l 5  r e s p e c t i v e l y .
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TABLE 14
Factors which have been suggested as predispos ing to  
indoor c a l f  r e s p i r a t o r y  disease  
( A f t e r  Obi,  1979)
Predisposing f a c to r s Reference
Sudden drop in ambient 
temperature
Barr and others  (1951) 
Jennings and Glover (1952) 
Wiseman and o thers  (1976)
Poor v e n t i l a t i o n Barr and others  (1951) 
Anderson (1964)
M a r t in  (1967)
Parker  (1968)
Norman (1 969)
Overcrowding Barr and others  (1951) 
Andrews (1976)
Atmospheric p o l l u t i o n Loosemore (1964)
C a s t r a t io n ,  dehorning,  
handl ing ,  t r a n s p o r t a t io n
King and o thers  (1954) 
Handy and o thers  (1963) 
Wohler (1971)
McKercher (1977)
Vacc inat ion Brown (1969) 
Watkinson (1969)
I n t e r c u r r e n t  disease Warwick (1962)
I n s u f f i c i e n t  uptake of  
c o lo s t ra l  g lo b u l in s
Thomas and Swann (1973)
V i tam in  A d e f ic ie n c y S p r a t l in g  and o thers  (1965)
Breed Roy and o thers  (1971)
Time o f  weaning Andrewes (1976)
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TABLE 15
Condi t ions  which have been suggested or  shown to  predispose to  
r e s p i r a t o r y  disease in species  o the r  than the bovine
( A f t e r  Obi ,  1979)
Nature  o f  s t ress Species Reference
Sudden drop in ambient  
temperature
Man Wright  and Wright (1945) 
Reid (1958)
Andrewes (1984)
L i  dwell  and others  (1965) 
Davey and Reid (1972)
Poor v e n t i l a t i o n Pigs Gordon (1963)
Overcrowding Man Breese and others  (1945) 
Reid (1958)
Mice Lindsey and others  (1971)
P o u l t ry Gross (1972)
Atmospheric p o l l u t i o n Man f Hol land and Reid (1965)
P e t r I  I l f  and others  (1966) 
Eisenbud (1970)
Pigs M a r t i n  and Wil loughby (1971)
P o u l t ry Anderson and o thers  (1964) 
Sato and o thers  (1973) 
Oyetunde and o thers  (1978)
Social s t ress Man Day (1951)
Jacobs and o thers  (1970)
V acc ina t ion Man P ie rc e  and o thers  (1963)
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AET10L0GICAL INVESTIGATIONS: THE RESULTS OF EXPERIMENTAL INFECTIONS
Many at tempts  have been made to  determine the prec is e  a e t io lo g y  
o f  c a l f  r e s p i r a t o r y  d isease .  Micro-organisms is o la te d  from both upper  
and lower r e s p i r a t o r y  t r a c t s  o f  calves  which were c l i n i c a l l y  111 during  
outbreaks o f  r e s p i r a t o r y  d isease have been ass oc ia ted  w i th  such d iseases .  
Subsequently,  many experiments were c a r r i e d  out in an a ttempt to  f u l f i l  
Koch's p o s tu la te s .  The f in d in g s  o f  experiments using such inc r im ina ted  
organisms are  summarised in Tables  16a ,  b and c.
B ac te r ia
Of the numerous b a c t e r ia  i s o la t e d  from the r e s p i r a t o r y  t r a c t  
o f  calves  (see Table  13a) only  th ree  namely A c t in o b a c i l  1 us (Baci 11 us) 
a c t i n o i d e s . Haemophilus sp. and P a s te u r e l1 a sp. have been eva lua ted  
e xp e r im en ta l ly  f o r  t h e i r  a b i l i t y  to  induce pneumonia.
Omar, Jennings and Betts  (1966) found n e i t h e r  c l i n i c a l  nor  
patho log ica l  evidence o f  pneumonia f o l lo w in g  exper imental  i n f e c t i o n  o f  
two g n o to b io t ic  calves  w i t h  A. a c t i n o i d e s . They concluded t h a t  t h i s  
b a c t e r ia l  agent does not play  a pr imary  r o l e  in i n i t i a t i n g  pulmonary 
i n f e c t i o n  and i t  a lso seems u n l i k e l y  t h a t  i t  is  a potent  secondary 
invader o f  in ju re d  lung t i s s u e .  E a r l i e r ,  Smith (1921) observed small  
circumscr ibed n e c r o t ic  fo c i  in the  lungs o f  th ree  o f  f i v e  calves  
e x p e r im e n ta l ly  in fe c ted  w i th  A c t in o b a c i11 us sp.  Omar (1966) po in ted  
out t h a t  no c le a r  cut evidence has so f a r  been obta ined which could  
in c r im in a te  A. a c t in o id e s  as a primary  a e t i o l o g i c a l  agent .
Experimental  i n f e c t i o n  o f  ca lves  w i t h  H. somnus re s u l te d  in 
dyspnoea, f ib r in o u s  bronchopneumonia and lung abscesses among o th e r  
f in d in g s  (P r i tc h a r d  and o th e rs ,  1 9 7 9 ) .  in America ,  s i m i l a r  r e s u l t s  
were obta ined by D ie rk s ,  Hanna and D i l lm a n ,  1973.
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The intravenous in o c u la t io n  o f  P a s t e u r e l1 a sp.  re s u l te d  in 
death o f  th re e  calves  from "Haemorrhagic Sept icaemia" .  The fo u r t h  c a l f  
in fe c te d  subcutaneously had bronchopneumonia and p l e u r is y  when k i l l e d  
seven days post in f e c t i o n  (B y th e l1,  1 9^ 5 ) .  However, re por ts  o f  
experiments by Carpenter and Gilmour (1 9 2 1 ) ,  Saunders (1939) and 
Darbyshire  and Lamont (1 966 ) ,  among o th e r s ,  showed t h a t  i n f e c t i o n  w i th  
p a s t e u r e l l a e  alone  does not r e s u l t  in c a l f  r e s p i r a t o r y  disease even when 
calves  were "s t re sse d"  w i th  c o r t iso n e  and d ie th y l  s t i l b o e s t e r o l  (Gale and 
Smith,  1 95 8 ) .  C a r te r  and Rowsel 1 (1958) s ta te d  th a t  calves  which showed 
c l i n i c a l  signs o f  disease f o l lo w in g  experimenta l  P. haemolyt ica i n f e c t i o n  
u s u a l ly  had a " p r e - e x i s t i n g  low-grade  chronic  pneumonia".
Mycoplasmas
Gourlay and Thomas (1969; 1970) reported d e te c t io n  o f  c l i n i c a l  
signs and post mortem les ions  f o l lo w in g  exper imenta l  i n f e c t i o n  o f  
c o n v e n t io n a l ly - re a r e d  ca lves  w i th  M. d isp ar  and Ureaplasma sp.  L a t e r ,  
however, Gourlay and Howard (1978) pointed out several  disadvantages of  
using c o n v e n t io n a l ly - re a r e d  c a lv e s .  They emphasised t h a t  a l l  such 
calves  have b a c t e r i a  (many o f  them pathogenic species) in t h e i r  
r e s p i r a t o r y  t r a c t s ,  many calves  have M. d ispar  or  o th e r  mycoplasma 
species in t h e i r  r e s p i r a t o r y  t r a c t s  and r e s p i r a t o r y  v i r u s  in fe c t io n s  
were common dur ing exper iments.  Host important o f  a l l ,  many calves  
s u f fe re d  from s u b c l in ic a l  pneumonia be fore  i n o c u la t io n .  For these  
reasons, they suggested the use o f  g n o to b io t ic  ca lves  f o r  such 
experiments .
Of the many mycoplasmas i s o la te d  from c a lv e s ,  a p a r t  from 
H. mycoides subsp. mycoides. only  four  -  M. b o v ig e n i t a l iu m . H.  b o v is .
H. d isp ar  and Ureaplasma sp. (T -  mycoplasmas) have been shown to  be
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capab le  o f  p ro d u c in g  le s io n s  o f  pneumonia in  g n o t o b io t i c  c a l f  lu n g s .
The main f in d in g s  experimental  i n f e c t io n s  o f  ca lves  w i th  mycoplasmas are  
summarised in Table  16b.
-  M. bovis :
P y re x ia ,  apathy and lameness fo l low ed  in o c u la t io n  of  
g n o to b io t ic  calves  w i th  M. b o v is . At necropsy,  lungs of  calves  showed 
5-15 per cent (mean 10%), c a t a r r h a l  b r o n c h i o l i t i s  and p e r ib ro n c h io la r  
round c e l l  i n f i l t r a t i o n  (Gourlay,  Thomas and Howard, 1976 ) .
-  M. d ispar  :
Pneumonic c o n s o l id a t io n  (2-5%) w i th  m i ld  to  severe round c e l l  
i n f i l t r a t i o n  re s u l te d  from endobronchial  i n o c u la t io n  o f  g n o to b io t ic  
calves  w i th  M. d ispar  (Howard and o th e r s ,  1 9 7 6 ) .  Gourlay and others  
(1979) inocula ted  10 g n o to b io t ic  ca lves  w i th  M. d i s p a r . At necropsy 
three  weeks post i n f e c t i o n ,  v a r i a b l e  degree o f  pneumonic c o n s o l id a t io n  
(0-17%, mean 4.9%) w i th  m i ld  a l v e o l i t i s  and m i ld  round c e l l  i n f i l t r a t i o n  
were seen. Because o f  the wide v a r i a t i o n  in the  e x te n t  o f  the  
pneumonic le s io n  caused by H. d i s p a r , they suggested th a t  host v a r i a t i o n  
might be important in the  development o f  pneumonia caused by t h i s  
organism.
-  Ureaplasma (T-mycop1asmas) :
Howard and o thers  (1976) e x p e r im e n t a l ly  in fe c ted  two 
g n o to b io t ic  calves  endobronchial  I y  w i th  Ureaplasma sp. Post mortem 
th re e  weeks l a t e r  revea led  pneumonic c o n s o l id a t io n ,  marked round c e l l  
i n f i l t r a t i o n  and marked c u f f i n g .
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-  Other mycoplasmas :
Gourlay and o thers  (1979) d id  not observe les io n s  o f  pneumonia 
in g n o to b io t ic  calves  f o l lo w in g  experimenta l  i n f e c t i o n  w i th  any o f  
M. a lk a le n s c e n s . M. a r g i n i n i . M. b o v i r h i n i s . M. canadense. M. verecundum. 
A. axanthum and A. modicum. Although M. b o v ig en i ta l iu m  was o r i g i n a l l y  
i s o la te d  from the g e n i ta l  t r a c t  and is not considered a pulmonary 
pathogen, the i n t r a t r a c h e a l  in o c u la t io n  o f  g n o t o b io t ic  ca lves  w i th  t h i s  
organism caused an average o f  four  per cent  c o n s o l id a t io n  o f  lung t i s s u e  
w ith  m i ld  c a t a r rh a l  b r o n c h i o l i t i s  and m i ld  c u f f i n g  pneumonia (Gourlay  
and o th e rs ,  1979) .
Chlamydia (Bedsonia. P s i t t a c i s  Lymphoaranuloma Venereum (PLV)
No c l i n i c a l  signs o f  r e s p i r a t o r y  disease fo l low ed  the i n f e c t i o n  
of  four  newborn colostrum depr ived calves  v/i th chlamydial  organisms.  
However, e x tens ive  macroscopic les ions  were found a t  necropsy four  or  
seven days post i n f e c t i o n  ( P h i l l i p  and o th e r s ,  1 9 6 8 ) .  White and others  
(1970) in fec ted  f i v e  colostrum depr ived calves  w i th  chlamydial  organisms.  
The calves  showed signs o f  r e s p i r a t o r y  disease and had les ions  o f  
pneumonia a t  necropsy.  McKercher (1978) a lso  repor ted  c l i n i c a l  signs  
inc lud ing  p y r e x ia ,  nasal discharges and dry  r a le s  f o l lo w in g  in t r a t r a c h e a l  
in o c u la t io n  o f  calves w i th  a chlamydial  i s o l a t e .  Areas o f  c o n s o l id a t io n  
were observed in the lungs o f  some ca lves  one t o  th re e  weeks a f t e r  the  
l a s t  exposure.
Viruses
C e l l - f r e e  f l u i d s  were used to  reproduce pneumonia by Lamont 
and Kerr  (1 939 ) ,  Baker (19^3) ,  and Jennings and Glover  (1 9 52 ) .  The 
re s u l ts  o f  these works which suggested the  importance o f  v i ruses  in 
c a l f  r e s p i r a t o r y  diseases led  to  the search f o r ,  i s o l a t i o n  and
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I d e n t i f i c a t i o n  o f  var ious  v i r u s e s .  A summary o f  exper imental  
i n f e c t io n s  w i th  such v i rus es  is given in Tab le  16c.
-  Adenoviruses :
I n f e c t i o n  of  co lost rum-depr ived  ca lves  w i th  Adenovirus types  
1 and 2 (Darbysh ire ,  Kinch and Jennings,  1969) and Adenovirus type 3 
(Darbysh ire ,  Jennings,  Dawson, Lamont and Omar, 1966) re s u l te d  in 
c l i n i c a l  signs and post-mortem les ions  o f  pneumonia. They (Darbysh ire  
and o th e rs ,  1966) claimed t h a t  adenovirus i n f e c t i o n  caused a 
c h a r a c t e r i s t i c  p r o l i f e r a t i o n  and necros is  which re s u l te d  in e x ten s ive  
b ro n c h io la r  occlus ion and subsequent a l v e o l a r  c o l la p s e .
-  En te rov i rus  :
Moll  and Davis (1959) reported  t h a t  few small areas o f  (lung)  
c o n so l id a t io n  fo l lowed i n f e c t i o n  o f  two ca lves  w i th  e n t e r o v i r u s ;  
a d d i t io n a l  a d m in is t r a t io n  o f  co r t iso n e  re s u l te d  in s l i g h t  p y re x ia ,  nasal  
exudation and la rg e  areas o f  c o n s o l id a t io n .
-  I n fe c t io u s  Bovine R h i n o t r a c h e i t i s  ( IBR) V i ru s  :
In o c u la t io n  o f  calves  w i th  IBR v i r u s  re s u l te d  in c l a s s i c  
c l i n i c a l  signs inc lud ing  p y re x ia ,  d ia r r h o e a ,  lachrym at io n ,  c o n j u n c t i v i t i s  
and o c c a s io n a l ly  pneumonia (Markson and D arbysh ire ,  1 96 6 ) .  S im i la r  
r e s u l t s  were reported by C r a n d e l l ,  Cheatham and Maurer (1959) in the  
U.S.A.
-  P a ra in f lu e n z a  type 3 (P l -3 )  V i ru s  :
Dawson, Darbyshire  and Lamont (1965) observed t h a t  p y r e x ia ,  
nasal discharges and cough fo l lowed experimenta l  i n f e c t i o n  o f  calves  
w i th  P I - 3 ;  pneumonic c o n s o l id a t io n  was found a t  post mortem. Omar
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and others  (1966) and Bryson and others  (1979) repor ted  both c l i n i c a l  
signs and ex tens ive  post mortem les ions  fo l lo w in g  in o c u la t io n  o f  
co lost rum-depr ived  calves  w i th  a low passage f i e l d  s t r a i n  o f  P I - 3 .
-  Reovirus :
In o c u la t io n  o f  newborn co lost rum-depr ived  calves w i th  
reo v i ru s  caused small d i s c r e t e  lung les io n s  (Lamont and o th e r s ,  1968 ) .
-  R e s p ira to ry  Syncytia l  V i rus  (RSV)
Experimental  i n f e c t i o n  o f  calves  w i th  RSV led  to  v a r i a b l e  
pyrex ia  and u s u a l ly  l i t t l e  or no les ions  in the lungs; however, m i ld  
r h i n i t i s  was in v a r i a b ly  noted (Jacobs and Edington, 1975) . Thomas and 
others  (1977) recorded only  t r a n s ie n t  pyrex ia  and leucopenia  f o l lo w in g  
RSV a d m in is t r a t io n .  Smith and o thers  (1975) repor ted  pyrex ia  in th re e  
o f  f i v e  in fe c ted  c a lv e s ,  two o f  them a ls o  showing tachypnoea and nasal  
discharges.  As i l l n e s s  occurred on ly  in the two calves  w i th  maternal  
a n t ib o d ie s ,  t h is  r e s u l t  should be considered in l i g h t  o f  the  l i m i t a t i o n s  
o f  using such calves  expressed by Gourlay and Howard (1 978 ) .
-  Combined Experimental  I n fe c t io n s  :
The above r e s u l t s  showing v a r i a b l e  degree o f  success w i th  
s in g le  micro-organisms and the  concurrent  i s o l a t i o n  o f  several  organisms 
l ed  to  in v e s t ig a t io n s  in to  poss ib le  synergism between var ious  micro ­
organisms. Thus,  C o l l i e r  and others  ( I960 )  reported  t h a t  the d u ra t io n  
o f  sickness in calves  given both IBR v i ru s  and P. haemolyt ica was longer  
than in those given e i t h e r  organism. H e t r i c k  and o thers  (1963) noted  
t h a t  calves  inocula ted  w i th  P. mul toeida 48 hours a f t e r  exposure to  P13 
developed a f e b r i l e  response and r e s p i r a t o r y  i l ln e s s e s  o f  vary ing  
s e v e r i t y .  Calves exposed to  the same agents in reverse  order  e l i c i t e d
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a s i m i l a r ,  though delayed,  response.  None o f  the calves  given e i t h e r  
organism s in g ly  developed c l i n i c a l  s ig ns.  Baldwin and o thers  (1967) 
a ls o  reported  more pronounced f e b r i l e  response and more e x te n s ive  les ions  
in lungs o f  calves  exposed to  both P. haemolyt ica and P I 3.
Jer icho  and Langford (1978) demonstrated t h a t  the  product ion  
o f  severe pneumonia w i th  IBR v i ru s  and P. haemolyt ica  was dependent on 
an in te rv a l  between aerosols  o f  a t  l e a s t  fo u r  days.
During experimenta l  i n f e c t i o n  o f  calves  w i th  non-pathogenic  
mycoplasmas (M. b o v i r r h i n i s  and A. axanthum) pneumonic les io n s  (5 and 6% 
lung c onso l ida t ions )  were found in  two g n o to b io t ic  calves  and 
b a c te r io lo g y  revealed high b a c t e r i a l  counts (Gourlay and o th e r s ,  1 979 ) .  
They s ta te d  t h a t  b a c t e r i a  c l e a r l y  appeared to  be respons ib le  f o r  the  
pneumonic les ions  present and appeared to  have favoured the su rv iva l  or  
m u l t i p l i c a t i o n  o f  the mycoplasma (M. b o v i r r h i n i s ) .
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AETIOLOG1CAL INVEST 1 GAT IONS: THE RESULTS OF SEROLOGICAL STUDIES
Although involvement o f  c e r t a i n  organisms is f r e q u e n t ly  
suspected in outbreaks o f  r e s p i r a t o r y  d iseases ,  the organisms are  not  
commonly i s o la t e d .  Under such c ircumstances,  the demonstrat ion of. a 
f o u r - f o l d  or g re a te r  r i s e  in antibody t i t r e  in consecut ive  sera ,  taken  
two or more weeks a p a r t ,  is considered d ia g n o s t ic  o f  an i n f e c t i o n  ( S t o t t  
and o th e r s ,  1978) .
Bacter ia 
-  P a s te u r e l1 a :
The In d i r e c t  Haemagglutination ( I HA) t e s t  is s p e c i f i c  f o r  the  
d e te c t io n  o f  a n t ibod ies  to  p a s t e u r e l l a  organisms and r e s u l t s  in minimal  
cro s s - re a c t io n s  (C a r te r ,  1 96 3 ) .  Fol lowing experimenta l  i n f e c t i o n  o f  
a n t ib o d y - f r e e  co lostrum-depr ived calves  haemagglut ina t ing  an t ib o d ies  
appeared th re e  to  fo ur  days p o s t - i n f e c t i o n  and reached a peak seven to  
e ig h t  days p o s t - i n f e c t i o n  (Baldwin,  Marshal l  and Wessman, 1967 ) .
However, they s ta ted  th a t  the  f a i l u r e  o f  a c a l f  to  produce demonstrable  
serum an t ib o d ie s  aga ins t  p a s t e u r e l l a  ant igens  may not be uncommon. The
IHA has been used to  monitor  p a s t e u r e l l a  a c t i v i t y  dur ing natura l  
outbreaks o f  r e s p i r a t o r y  disease (Thomson, Benson and Savan, 1969;  
Thomas, S t o t t ,  Jones, Jebbet t  and C o l l i n s ,  1 9 8 0 ) .  The l a t t e r  d id  not  
f i n d  any c o r r e l a t i o n  in in d iv id u a l  calves  between the  s e ro lo g ic a l  
response to  P. haemolyt ica and the appearance o f  c l i n i c a l  r e s p i r a t o r y  
disease and concluded t h a t  pasteurel  l a  organisms were not involved in 
t h a t  p a r t i c u l a r  outbreak .
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Mycoplasmas
-  M. bovis :
During exper imental  i n f e c t i o n  o f  g n o to b io t ic  calves  w i th  
Mycoplasma b o v is . s e ro lo g ic a l  s tu d ies  showed t h a t  w h i le  a l l  p r e - i n o c u la t i o n  
serum samples had antibody t i t r e s  o f  i  or  less  to  M. bovis by the i n d i r e c t  
haemagglutina tion  t e s t ,  a t  autopsy two weeks post i n f e c t i o n ,  the t i t r e s  
in the sera o f  the fo ur  ca lves  inocu la ted  w i th  the mycoplasma were 1 / 2 ,
1 /1 6 ,  1 /6 4  and 1 /256  (Gourlay and o th e r s ,  1976 ) .
-  T.  mycoplasmas :
Using the m etabo l ic  i n h i b i t i o n  (Ml) t e s t ,  Gourlay and Thomas 
(1970) recorded a f o u r f o ld  o r  h igher  r i s e  in antibody t i t r e  in the pa ired  
sera o f  14 o f  16 calves  fo l lo w in g  experimenta l  i n f e c t i o n  w i th  T-mycoplasmas.
Chi amvdia
W hi te ,  W i thn e l l  and P i t f i e l d  (1970) found t h a t  a r t i f i c i a l l y -  
induced chlamydia pneumonia s t im u la te d  production o f  complement f i x i n g  
ant ibody .  However, the ant ibody production was slow. Thus, the  use o f  
CFT to  examine pa ired  serum samples c o l le c t e d  only  two to  th re e  weeks 
ap ar t  in outbreaks o f  bovine pneumonia could o f t e n  y i e l d  negat ive  r e s u l t s  
even though chlamydial  i n f e c t i o n  was present .  They suggested t h a t  a t r u e  
p ic t u r e  o f  the e x ten t  o f  chlamydial  i n f e c t i o n  in a group o f  ca lves  can 
only be obta ined by examining sera by the  CFT over a per iod o f  about  
th ree  months.
V? ruses
-  Adenovirus :
Adenovirus g r o u p - re a c t iv e  p r e c i p i t a t i n g  a n t ib o d ies  developed 
in th ree  to  four  weeks a f t e r  exper imenta l  i n f e c t i o n  o f  co lost rum-depr ived
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calves  and p e r s i s t e d  fo r  a t  l e a s t  two months (Darbyshire  and o th e rs ,
196 5 ) .  H a e m a g g lu t in a t io n - in h ib i t in g  a n t ib o d ie s  in calves  e x p e r im e n ta l ly  
in fe c te d  w i th  bovine adenovirus type 1 reached a maximum t i t r e  in seven 
days and p e rs is te d  the re  f o r  a t  l e a s t  s i x  weeks ( P h i l l i p s  and Darbyshire ,  
197 1 ) .
S i g n i f i c a n t  increases in adenovirus group p r e c i p i t a t i n g  
an t ib o d ies  were observed in approximate ly  30 per cent o f  150 disease  
outbreaks (Darbysh ire ,  1965 (c i te d  by D arbysh ire ,  Jennings,  Omar, Dawson 
and Lamont, 1965) ) and these outbreaks were t h e r e f o r e  a t t r i b u t e d  to  
adenovirus i n f e c t io n s .
-  Bovine v i ru s  d iarrhoea  (MD/BVD) :
Malmquist (1968) found t h a t  co lost rum-depr ived  n e u t r a l i s i n g  
antibody to  MD p ers is te d  f o r  a t  l e a s t  12 weeks; the long dura t io n  o f  
serum itmiunity was b e l ie v ed  to  be responsib le  f o r  the h igher  Incidence o f  
MD in the 6-1 month age group. Malmquist  (1968) a ls o  s ta te d  t h a t  
f a i l u r e  o f  an animal w i th  MD, even those w i th  p e r s i s t e n t  v i ra e m ia ,  to  
develop n e u t r a l i z i n g  an t ib o d ies  is not uncommon. Thus f a i l u r e  to  d e te c t  
a n t ib o d ie s  to  MD does not dule  out i n f e c t i o n .  However, complement f i x i n g  
and serum n e u t r a l i z i n g  a n t ib o d ies  may appear about one week and reach a 
peak f i v e  to  s ix  weeks f o l lo w in g  experimenta l  i n f e c t i o n  (Gutekunst and 
Malmquist ,  1 964 ) .
-  In fe c t io u s  bovine r h i n o t r a c h e i t i s  (1BR) :
McKercher (1959) s ta te d  t h a t  n e u t r a l i z i n g  a n t ib o d ie s  to  IBR 
(Colorado s t r a in )  u s u a l ly  became d e t e c t a b le  between e ig h t  and 12 days 
f o l lo w in g  i n f e c t i o n  and might take up to ten months to  reach maximal 
t i t r e  a f t e r  which the re  is a rap id  d e c l in e .  However, when Markson and 
Darbyshire  (1966) in fe c ted  15 c o n v e n t io n a l l y - r a is e d  ca lves  w i th  the
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Oxford s t r a i n  o f  IBR v i ru s  by i n s t i l l a t i o n  o f  t i s s u e  c u l t u r e  
prepara t ions  in to  the n o s t r i l s  and c o n ju n c t iv a l  sacs,  no n e u t r a l i z i n g  
ant ibody was detected  in serum samples obta ined up to  15 days post 
i n f e c t i o n .  McKercher and S a i to  (1965) showed t h a t  t e s ts  f o r  
n e u t r a l i z i n g  a n t ib o d ies  in the sera o f  convalescent  c a t t l e  are  s p e c i f i c  
and t h a t  such a n t ib o d ies  can p e r s i s t  f o r  years fo l lo w in g  recovery from 
i n f e c t i o n .  Thus, any ant ibody t i t r e  can be taken as evidence o f  previous  
v i r a l  exposure.
-  Para in f lu e n za  type 3 ( P I -3)  v i ru s  :
In B r i t a i n ,  Dawson and Darbyshire (1964) showed th a t  
approximate ly  85 per cent o f  the c a t t l e  populat ions and up to  95 per cent  
of  c a t t l e  o f  breeding age have serum an t ib o d ie s  to  P13 v i r u s .  L a t e r ,  
Dawson (1966) c o l le c t e d  s e r i a l  serum samples from ten calves  from about  
one week o ld  u n t i l  they were about ten months o l d ,  in an a ttempt to  
determine the prevalence o f  a n t ib o d ie s  to  P13 in c a lv es .  Results  showed 
th a t  co lost rum-fed  calves  had m a t e r n a l l y - d e r iv e d  a n t ib o d ie s  to  P 13 v i r u s ,  
the pers is tence  o f  which was d i r e c t l y  dependent on the i n i t i a l  t i t r e .
The mean t ime before  calves  which rece ived a c o lo s t r a l  immunity became 
su sce p t ib le  to  P13 v i ru s  in f e c t i o n  was found to  be about ten weeks.
Calves which rece ived a high i n i t i a l  l e v e l  o f  pass ive ly  t r a n s f e r r e d  
antibody may not reach a su s c e p t ib le  le v e l  u n t i l  between 19 and 23 weeks 
o f  age.  Haemagglutination i n h i b i t i n g  a n t ib o d ie s  were detected  over a 
longer  period than were n e u t r a l i z i n g  a n t i b o d i e s ,  f o r  example,  n e u t r a l i z i n g  
an t ib o d ies  were not de tected  in the serum o f  any calves  a t  29 weeks o f  
age w h i le  HI a n t ibod ies  were detected a t  low l e v e l s  in the sera o f  some 
of  the  calves a t  42 weeks o f  age.  Haemagglutinating a n t ib o d ie s  appeared  
in the blood s i x  to  ten days post-exper imenta l  i n f e c t i o n  o f  co lost rum-
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depr ived c a lv es ,  reached peak 10-24  days and p e rs is te d  f o r  a t  l e a s t  
f i v e  months; however, no s e ro lo g ic a l  response fo l lowed experimental  
i n f e c t i o n  o f  c o n v e n t io n a l ly - re a r e d  calves  w i th  serum haemagglutinating  
antibody t i t r e  o f  1:32 or  g r e a t e r  (Dawson and o th e rs ,  1965 ) .  S i m i l a r  
observations were made by Sinha ( i 9 6 0 ) ,  Gates and o thers  (1970) and 
Thomas (1973 ) .
-  Reovirus :
Haemagglution i n h i b i t i n g  a n t ib o d ies  to  reo v i ru s  appeared  
th ree  to  four  days and u s u a l ly  reached i t s  peak about 14 days f o l lo w in g  
exper imental  in f e c t i o n  o f  co lost rum-depr ived  calves  (Lamont and o th e r s ,  
19 6 8 ) .  In one o f  the c a lv es ,  antibody  t i t r e  reached 512 on 28th day,  
and dec l ined  to  128 a f t e r  12 months. The sera o f  two co lost rum-fed  
calves  showed no s i g n i f i c a n t  increase in t i t r e .  Derbyshire  and Rober t ,  
(1968) recorded s e ro lo g ic a l  r e s u l ts  i n d i c a t i n g  a preva lence  of  22 per  
cent f o r  reovirus  type 2 in B r i t a i n  over the th re e  year per iod 1964-67 .
-  Rh inovirus  :
Serum n e u t r a l i z i n g  t i t r e s  up to  1:128  could be demonstrated in 
e xp e r im en ta l ly  in fe c te d  calves  between seven and 28 days post i n f e c t i o n  
(Wizigmann and S c h ie f e r ,  1966 ) .  However, the s e ro lo g ic a l  response to  
exper imental  v i r u s  i n f e c t i o n  by convent iona l  ca lves  is poor (Mohanty 
and o t h e r s , 1969) .
-  R e s p ira to ry  s yn c y t ia l  v i ru s  (RSV)
Fo llowing experimental  i n f e c t i o n ,  n e u t r a l i z i n g  a n t ib o d ies  
were detected a t  8 -14  days post i n f e c t i o n  in a n t ib o d y - f r e e  calves  in 
which i n f e c t io n  was e s t a b l i s h e d .  Experiments w i th  conventional  calves  
in d ica ted  th a t  in f e c t i o n  may occur in the presence o f  (low) c i r c u l a t i n g
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a n t ib o d ie s  and an antibody  t i t r e  o f  " the  order  2 .0  logs"  was considered  
p r o t e c t i v e  (Jacobs and Edington, 1 975 ) .  S i m i l a r l y ,  Mohanty and others  
(1975) reported "extremely  poor" s e ro lo g ic a l  response f o l lo w in g  
exper imental  RSV i n f e c t i o n  o f  s e ro -n e g a t iv e  c o n v e n t io n a l l y - r a is e d  6 -8  
weeks o ld  ca lv es .
The use of  sero lo g ica l  s tud ies  in f i e l d  in v e s t ig a t io n s  (Table  17)
Harbourne (1956) examined pa ired  blood samples from c a t t l e  
(mostly ca lves) in herds where the re  had been an outbreak o f  pneumonia.  
Ant ibod ies  to  c e r t a i n  v i ruses  were found to  be w ide ly  d i s t r i b u t e d :
P13 (85%) , Chlamydia (*f5%) , MD (25%) and Adenoviruses (31%).  I t  was
concluded t h a t  the a e t io l o g y  o f  " v i ru s  pneumonia" is complex. Although
se ro lo g ic a l  diagnoses of  var ious v i r u s  in fe c t io n s  were made in the south 
o f  England by Thomas (1 9 7 3 ) ,  no c o r r e l a t i o n  was found between presence 
of  a v i ru s  or sero-conversion and subsequent development o f  e i t h e r  "upper"  
or  " lower"  r e s p i r a t o r y  disease syndrome. He concluded th a t  evidence  
was s tro n g ly  a g a in s t  the importance o f  v iruses  e s p e c i a l l y  in acute  lower  
r e s p i r a t o r y  d isease.
Diagnoses o f  RSV, Adenovirus,  MD and Chlamydial  in f e c t io n s  in  
the  outbreaks o f  r e s p i r a t o r y  diseases s tudied  by Bryson and o thers  (1973a,b)  
were based on s e ro log ic a l  grounds. There was evidence o f  the a c t i v i t y  
o f  more than one v i ru s  in approximate ly  20 per cent  o f  outbreaks .
However i t  was not possib le  to  eva lu a te  the r e l a t i o n s h i p  between 
i n f e c t i o n  and d isease.  They (Bryson and o t h e r s ,  1978b) concluded t h a t  
the  severe pneumonic les ions  seen in the survey were probably the  r e s u l t  
o f  in t e r a c t io n s  between v i r u s ( e s ) ,  mycoplasmas and b a c t e r i a ,  p a r t i c u l a r l y  
P. m u l toc ida .
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Lomba (1978) reported t h a t  ant ibody t i t r e s  in colostrum were 
not re la te d  to  the c i r c u l a t i n g  antibody o f  the cows, except f o r  P13 v i ru s  
and claimed th a t  a number o f  cows in which c i r c u l a t i n g  a n t ib o d ies  were 
not d e te c ta b le  showed a s i g n i f i c a n t  content o f  v i r a l  a n t ib o d ie s  in the  
colostrum. Before d r in k in g  colostrum, none o f  215 calves  had a n t ib o d ie s  
a g a in s t  Adenovirus,  Reovirus 1 and 2 ,  IBR or  RSV. However, ten o f  the  
calves  had a n t ib o d ies  a g a in s t  MD and two a g a in s t  P13; s ince the  l a t t e r  
calves  had a t  the same t ime h igher serum immune g lo b u l in  l e v e l s  than  
o th e r s ,  i t  was concluded t h a t  these calves  had been in fe c te d  in u t e r o .
Th is  supports the observat ion  of  K n i a z e f f ,  Rimer and Gaeta (1987 ) .
In conclus ion ,  s e ro lo g ic a l  s tud ies  have been in v a lu a b le  in 
d e te c t in g  i n f e c t io n  in 1 ieu o f  i s o l a t i o n  p a r t i c u l a r l y  where l a b i l e  
organisms such as RSV are  involved or in the presence o f  c i r c u l a t i n g  
a n t ib o d ie s .  However, var ious  workers (Harbourne, 1986; Thomas, 1973;  
and S t o t t  and o th e rs ,  1978) have shown t h a t  v i ru s  in f e c t io n s  do commonly 
occur w i thout  o v er t  c l i n i c a l  d isease.
Other moni to r ing  studies
C e r ta in  in v e s t ig a t io n s  in to  c a l f  r e s p i r a t o r y  diseases have been 
designed t o  determine the in f lu e n ce  o f  the environment,  management 
p ra c t ic e s  and disease on c a l f  product ion .  E s s e n t i a l l y ,  such s tud ies  have 
been continuous or  monito r ing  e xerc ises  which were u s u a l ly  i n i t i a t e d  
before  the onset o f  outbreaks o f  r e s p i r a t o r y  d isease .
Thomas and others  (1978) s tud ies  the in f lu e n ce  o f  disease on 
the  performance o f  F r i e s ia n - c r o s s  beef c a t t l e  on th ree  beef u n i t s  o f  the  
M i l k  Marketing  Board between 1970 and 197^.  The animals ente red  the  
u n i t s  a t  about ten days o f  age.  R e s p ira to ry  d isease accounted fo r  52 
per cent o f  a l l  deaths whereas d i g e s t iv e  d isorders  caused less  than two
per cent o f  t o t a l  deaths.  "N o n - fa ta l  e n zo o t ic  pneumonia11 was assoc iated  
w ith  1 .3  to  2 .6  per cent reduct ion  in l i v e - w e i g h t  gain and re s u l te d  in 
an increase of  s laughter  age by 1 .5  to  4 . 0  per c en t .  The adverse e f f e c t  
of  r e s p i r a t o r y  i n f e c t i o n  was more pronounced in animals t h a t  s t i l l  had 
l es ions  o f  pneumonic c o n s o l id a t io n  (s ic )  a t  s la u g h te r :  l i v e - w e i g h t  gain
was lowered by 1 .8  to  7 .2  per cent and s la u g h te r  age increased by 1 .9  to  
7.1 per cen t .  'The more l a s t i n g  reduct ion  in performance not iced  among 
c a t t l e  a f f e c t e d  w i th  pneumonic c o n s o l id a t io n "  probably re s u l te d  from 
e i t h e r  the g r e a t e r  s e v e r i t y  o f  pneumonia in t h i s  group, the le s io n  o f  
which p ers is te d  t i l l  s la u g h t e r ,  o r  the l a t e r  age a t  which r e s p i r a t o r y  
problems occurred compared w i th  d ig e s t i v e  d is o rd e rs .  However, d e t a i l e d  
c l i n i c a l  fe a tu re s  or pa th o log ica l  les io n s  were not s ta te d  and since the  
c a t t l e  were s laughtered a t  around 12 months o f  age ( long a f t e r  the peak 
o f  "e nzoot ic  pneumonia") i t  is q u i t e  l i k e l y  th a t  some, i f  not m a j o r i t y ,  
of  the c a t t l e  were s u f f e r i n g  not from e n zo o t ic  pneumonia (s ic )  but from 
chronic  suppurative  pneumonia.
The e f f e c t  o f  a r e c i r c u l a t i n g  a i r  f i l t e r  u n i t  on a e r i a l  b a c t e r i a ,  
c l i n i c a l  and s u b c l in ic a l  r e s p i r a t o r y  disease and production o f  in t e n s iv e ly  
housed veal  calves was studied  over a per iod  o f  one year  using s i x  batches  
o f  28 calves in f i l t e r e d  sheds and 23 batches o f  28 calves  in n o n - f i l t e r e d  
shed (P r i tc h a r d  and Carpenter ,  1 98 0 ) .  A i r  f i l t r a t i o n  was assoc iated  w i th  
a 4 4 .9  per cent reduct ion  in a e r i a l  b a c t e r i a ,  a 1 9 .4  per cent reduct ion  
in incidence o f  c l i n i c a l  disease and a 31 per cent reduct ion  in s e v e r i t y  
o f  c l i n i c a l  disease as measured by t o t a l  trea tm ents  f o r  c l i n i c a l  d isease .  
Area o f  lung c o n so l id a t io n  a t  s la u g h t e r ,  as a measure o f  s u b - c l i n i c a l  
d isease ,  was reduced by 38 per c en t .  Treatment f o r  r e s p i r a t o r y  disease  
was c o r r e la t e d  w i th  area o f  lung c o n s o l id a t io n  and both measures had a 
negat ive  r e la t i o n s h i p  to  d a i l y  weight g a in .
1 79
M i l l e r  and o thers  (1980) s tud ied  the epidemiology o f  c a l f  
r e s p i r a t o r y  disease in a l a r g e  commercial veal u n i t  in the west o f  
England during the period August 1975 and October 1976.  T h i r t y - f o u r  
batches of  28 seven to  ten days o ld  F r i e s i a n  ca lves  were introduced in to  
the u n i t  a t  i n t e r v a l s  o f  approximate ly  one week. Each batch was 
a l l o c a t e d  to  a s in g le  shed on a r r i v a l  and remained in the same shed u n t i l  
s la u g h te r  15-16 weeks l a t e r .  R e s p ira to ry  disease was almost the only  
he a l th  problem observed and was t r e a t e d  w i th  a course o f  a n t i b i o t i c s .
(No account o f  the  c l i n i c a l  or patho log ica l  f in d in g s  used in making a 
diagnosis  o f  r e s p i r a t o r y  disease was g iv en ,  hence the actual  types o f  
r e s p i r a t o r y  problems encountered is unknown). Treatments,  as indices  
o f  d isease,  u s u a l ly  reached a peak a t  about 28 days a f t e r  e n t r y  in to  the  
u n i t .  High l e v e ls  of  m o rb id i ty  were seen in a s s o c ia t io n  w i th  low s t a r t  
w e ig h t .  Crops e n te r in g  the house a f t e r  long d i s i n f e c t i o n  breaks had a 
reduced leve l  o f  d isease.  Excess o f  treatment was found on l e f t  hand 
s ide  o f  the sheds and i t  was suggested t h a t  short  range or  contact spread 
was l i k e l y  to  have been the dominant mode o f  t ransmission  among the  ca lv es .  
However, i t  was not poss ib le  to  c o r r e l a t e  the  leve l  of disease w i th  mean 
weekly c l i m a t i c  events by using data obta ined from the local  
m e te r io lo g ic a l  s t a t i o n s .
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SUMMARY
The increased i n t e n s i t y  o f  c a l f  husbandry methods in recent  
years led to  a higher  preva lence  o f  c a l f  pneumonia, among o th e r  d iseases .  
C a l f  re a re rs  have incurred losses due to  deaths,  increased v e t e r i n a r y  
care costs ,  reduced p r o d u c t i v i t y  and re ta rd ed  herd development programmes. 
Many p u b l ic a t io n s  are a v a i l a b l e  on in c id e n ts  o f  c a l f  pneumonias but only  
a few of  them conta in  d e t a i l e d  accounts o f  c l i n i c a l  and pa tho log ica l  
s tu d ie s .  Thus reports  by var ious workers are  d i f f i c u l t  t o  compare.
Many micro-organisms have been i s o la te d  from cases o f  pneumonia 
and t h e r e a f t e r  l a b e l l e d  r e s p i r a t o r y  pathogens. However, f u r t h e r  s tudies  
have o f te n  shown th a t  the same organisms can u s u a l ly  be i s o la t e d ,  o f t e n  
w ith  equal frequency,  from a p p aren t ly  he a l th y  c a lv e s .  Again ,  in fe c t io n s  
w ith  such micro-organisms have been shown to  occur w i thout  o v e r t  c l i n i c a l  
disease .  Hence the p re c is e  r o le  o f  micro-organisms in c a l f  r e s p i r a t o r y  
disease remains u n c lea r .
Consistent r e s u l t s  have 'n ot  been obta ined by d i f f e r e n t  workers  
using the  same organisms f o r  exper imental  i n f e c t i o n  o f  c a lv es .  E a r l i e r  
studies  w i th  conventional  calves  showed t h a t  some ca lves  showed c l i n i c a l  
response w h i le  others d id  no t .  I t  has been claimed th a t  conventional  
ca lves  t h a t  showed c l i n i c a l  response fo l lo w in g  experimenta l  i n f e c t i o n  
w i th  p a s t e u r e l l a e  (C a r te r  and Rowsel l ,  1958) and mycoplasmas (Gourlay  
and Howard, 1978) u s u a l ly  had a p r e - e x i s t i n g  s u b - c l i n i c a l  pneumonia 
a l b e i t  o f  an undefined n a tu re .
While  P a s te u r e l1 a spp. have long been in c r im in a te d  in the  
a e t io l o g y  o f  a t  l e a s t  c e r t a i n  c a l f  pneumonias, no convinc ing evidence was 
advanced u n t i l  r e c e n t l y  when c l i n i c a l  response was shown to  f o l l o w
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combined experimental  p a s t e u r e l l a  and IBR or  P13 v i r u s  i n f e c t i o n s .  I t  
seems H. somnus is the only bacterium t h a t  has been shown to  be capable  
o f  r e g u l a r l y  reproducing pneumonia per se ( P r i t c h a r d ,  1 979 ) .  However, 
the c h a r a c t e r i s t i c  g e nera l ise d  f i b r i n o u s  exudation and haemorrhages th a t  
fo l lowed experimental  in fe c t io n s  do not appear to  be commonly encountered  
in outbreaks o f  d a i ry  and d a i ry -c ro s s  c a l f  r e s p i r a t o r y  disease in B r i t a i n  
The experimental  i n f e c t i o n  o f  c o n v e n t io n a l l y - re a r e d  calves  w i th  v i ru s e s ,  
a p a r t  from IBR v i r u s ,  in a ttempts to  reproduce r e s p i r a t o r y  disease have 
not been u n iv e r s a l l y  s uccess fu l ,  even though i t  is in t h is  type o f  c a l f  
th a t  cases commonly occur on the f i e l d .  However, var ious  degrees o f  
success have been descr ibed fo l lo w in g  experimenta l  i n f e c t i o n  o f  colostrum  
depr ived or  g n o to b io t ic  calves  w i th  some o f  the v i ru s e s  assoc ia ted  w i th  
r e s p i r a t o r y  d isease.
Of the mycoplasmas is o la te d  from the r e s p i r a t o r y  t r a c t s  o f  
ca lv es ,  on ly  th ree  have been shown to  be capable o f  i n i t i a t i n g  pneumonia: 
M. d ispar  and Ureaplasna produced pneumonic les ions  w i th o u t  c l i n i c a l  
evidence of  disease whereas M. bovis produced p y r e x ia ,  apathy,  and 
lameness but no c l i n i c a l  pneumonia. However, the  d i f f i c u l t y  o f  making 
a c l i n i c a l  diagnosis  o f  pneumonia under the  circumstances in which 
g n o to b io t ic  calves  are  ra ise d  should be borne in mind.
Calves have been vacc inated  w i th  s in g le  or  multicomponent  
b a c t e r i a l  and/or  v i r a l  in a c t i v a t e d  vacc ines .  U n f o r tu n a te ly  a lthough the  
vaccines were shown to  prevent  i n f e c t i o n ,  they d id  not g e n e r a l l y  prevent  
disease in the f i e l d .
The lack  o f  un iversa l  success in reproducing c a l f  r e s p i r a t o r y  
disease w i th  incr im ina ted  pathogens and the marked seasonal occurrence  
among o th e rs ,  have led to  the b e l i e f  t h a t  such environment fa c t o r s  as a
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sudden drop in temperatu re ,  high humidity  and over -crowding are  important  
in p r e c i p i t a t i n g  or aggravat ing  inc ide n ts  o f  r e s p i r a t o r y  d isease .
Thus, the cause o f  the var ious forms o f  c a l f  r e s p i r a t o r y  
disease remains obscure and the s o lu t io n  to  the problem is not y e t  in 
s ig h t .  P r i t c h a r d  (1980) suggested t h a t  an understanding o f  the  
causat ive  f a c t o r  (o f  c a l f  r e s p i r a t o r y  disease)  depends upon an 
epidemio logica l  approach regard less  o f  whether such fa c t o r s  are  
m icro b io lo g ic a l  or managemental . On the o ther  hand, Obi (1979) made a 
plea fo r  more d e t a i l e d  c l i n i c a l  d i f f e r e n t i a t i o n  o f  the var ious  r e s p i r a t o r y  
syndromes -  a t  l e a s t  as a f i r s t  s tep towards a c l a r i f i c a t i o n  o f  the  
si tu a t  ion.
So f a r ,  only  s tud ies  employing a m u l t i - d i s c i p l i n a r y  approach 
have been a b le  to  d i f f e r e n t i a t e  between i n f e c t i o n  and disease and r e l a t e  
c l i n i c a l  f in d in g s  w i th  p a t h o lo g ic a l /m ic r o b io lo g ic a l  f i n d i n g s .  Thus,  
such studies  have a t  l e a s t  led  to  some understanding o f  some fa c e ts  of  
the disease complex. I t  is l i k e l y  t h a t  only  such a m u l t i d i s c i p l i n a r y  
approach would lead to  a f u l l e r  understanding o f  the cause o f  c a l f  
re s p i r a t o r y  disease and hence i t s  prevent ion  and c o n t r o l .
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SECTION I I
RESPIRATORY DISEASES OF INDOOR CALVES: INVESTIGATIONS INTO A WIDESPREAD
PNEUMONIA PROBLEM AFFECTING UNWEANED HOUSED DA1RY%CALVES
H is to r y
As has a l re a d y  been s ta te d ,  the main reason which prompted the  
manager o f  Chapel Farm to  request some form of  s p e c i a l i s t  help  was h is  
b e l i e f  th a t  not on ly  was some so r t  o f  undefined pneumonia problem 
a f f e c t i n g  his  young calves  but t h a t  t h i s  problem was increasing  in 
s e v e r i t y  and/or  responding less  to  t re a tm e n t .  I t  was decided to  a ttempt  
t o  d e f in e  the problem as c l e a r l y  as possib le  using repeated v i s i t s  in 
order  to  e s t a b l i s h  c l i n i c a l  and ep idem io log ica l  f e a tu r e s  and a ls o  to  
c a r ry  out p a t h o lo g ic a l ,  m ic ro b io lo g ic a l  and s e ro lo g ic a l  s tu d ies  on 
se lec ted  in d iv id u a ls  or groups of  calves  in the hope o f  e s t a b l i s h in g  the  
a e t io lo g y  o f  the problem. An account o f  the r e s u l t s  obta ined are  
presented below.
D e t a i ls  regarding the pneumonia problem as i t  had emerged on 
Chapel Farm dur ing previous years are  presented in the  sec t ion  headed 
' m a t e r ia ls  and methods' .  In format ion  regarding the var ious  c a l f  
accommodation areas is presented in Appendix 1.
In the  in c id e n t  which was in v e s t ig a te d  in d e t a i l ,  f re q u e n t  
coughing was noticed  by the  c a l f  a t te n d a n t  s t a r t i n g  approximate ly  on 
November 12,  1979.  Th is  was most obvious among nine  calves  which were 
housed in th re e  m u l t i p l e  ( 3 - c a l f )  pens in the big c a l f  house. One s i x  
weeks o ld  c a l f  (C52) was p a r t i c u l a r l y  du l l  and py rex ic  (106°F) and was 
given t e t r a c y c l i n e  and c o r t i c o s t e r o i d  by the general  p r a c t i t i o n e r ;  no 
obvious improvement fo l lowed t re a tm e n t .
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By November 14 ,  a v a r i a b l e  degree o f  coughing was present among 
almost a l l  calves  over one month o f  age,  a l though i t  was s t i l l  worst in 
the animals in the above th re e  pens. At t h i s  s tage ,  a ro u t in e  m oni tor ing  
v i s i t  was made and the s i t u a t i o n  was examined a t  f i r s t  hand.
Course of  a c t io n  and subsequent events
Advice from the  general  p r a c t i t i o n e r  rested  on t rea tment  (see 
above) o f  any i n d i v i d u a l ,  seve re ly  a f f e c t e d  calves  and a c a re fu l  watch 
ju s t  in case i t  appeared t h a t  more widespread therapy  appeared to  be 
necessary a t  some t ime in the  f u t u r e .
A f t e r  d iscuss ions ,  between the manager and ou rs e lv e s ,  i t  was 
decided to  t r e a t  two o the r  groups of  (now) weaned calves  w i th  a 3-day  
course o f  intramuscular  procaine  p e n i c i l l i n  and streptomycin  on November 
30. These groups consisted o f  11 , 4 -5  months o ld  calves  and 18,  th re e  
months old c a lv es .  Seven o f  t h i s  l a t t e r  group had in f a c t  been born,  
reared and weaned a t  the  o th e r  d a i ry  u n i t  and were added to  the Chapel Farm 
calves when the l a t t e r  were weaned. Each o f  these c a l f  groups consisted  
o f  approximate ly  equal numbers o f  bul l  and h e i f e r  c a lv e s .  The trea tm ent  
with p e n i c i l l i n  and streptomycin appeared to  b r ing  about a marked 
improvement in the c l i n i c a l  co n d i t io n  o f  the coughing c a lv es .
On December 6 ,  the farm manager decided to  t r y  the  e f f e c t  o f  
t r e a t in g  one pen o f  th re e  ca lves  (C54, C55 and C56) w i th  ora l  T r i b r i s s e n  
for seven days; t h i s  had no marked e f f e c t  on the s e v e r i t y  o f  the problem.
During the  course o f  the in c id e n t ,  several  stock movements 
occurred q u i t e  a p a r t  from the  in t ro d u c t io n  o f  ca lves  noted above. These 
changes are  summarised in Table  3 o f  Appendix 4 .
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Clinical findings
At the t ime o f  the f i r s t  v i s i t  a f t e r  the in c id e n t  a rose,  t h a t  
is on November 11,  th e re  was widespread moderate ly  f requent  coughing in 
the l a s t  th ree  r i g h t  hand s ide  m u l t i p l e  pens o f  the big c a l f  house. Two
calves  (C*tl and C52) were coughing f r e q u e n t l y ;  C52 was a ls o  tachypnoeic
(60/minute)  and i t s  re c ta l  temperature  was 1 0 2 .9 ° ^ .  A u s c u l ta t io n  
revealed harsh i n s p i r a t o r y  and e x p i r a t o r y  sounds; no a d v e n t i t io u s  sounds 
were heard.  There was mi ld  coughing among the m u l t ip le -pen-housed  calves  
on the r i g h t  hand s ide o f  the small c o u r t .
On November 30 ,  one 13 days o ld  c a l f  in the big c a l f  house (Cyk)
was seen to be p a r t i c u l a r l y  d u l l ,  p y rex ic  ( 1 0 3 .3°F) w i th  a mucopurulent  
nasal discharge and s e m i - f lu i d  faeces .  F iv e  o f  the 11,  th ree  to  f i v e  
months o ld  calves  in the la rg e  court  were tachypnoeic (40 -60 /minute )  and 
coughing f r e q u e n t l y .  One was d u l l .  There was (genera l ised )  mi ld  
coughing among the 18 th re e  months o ld  ca lves  on the r i g h t  hand s id e .
By December 6 ,  th e re  appeared to  be an increased wave o f  coughing 
and tachypnoea in a l l  o f  the  c a l f  houses. Three calves  (C5k, C55 and 
C56) were p a r t i c u l a r l y  badly a f f e c t e d ;  C56 was most s ev ere ly  a f f e c t e d ,  i t  
was du l l  , tachypnoeic (60/minute)  and had a mucopurulent nasal d ischarge .  
A l l  temporary p a r t i t i o n s  had been removed in the  small court  on the  
a r r i v a l  o f  the newly weaned calves from the  o ther  d a i r y  fa rm. Most o f  
the Chapel Farm calves  were coughing f r e q u e n t ly  a t  t h i s  stage.
Fol lowing another v i s i t  on December 19* i t  was decided to  
purchase two calves  f o r  f u r t h e r  s tudy .  These were C5 6 , an animal which 
had been i l l  f o r  about two weeks and C59, an a p p are n t ly  h ea l th y  i n d i v i d u a l ;  
both calves  were aged about two and a h a l f  months and had been housed in
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the la rg e  court  u n t i l  November 11 when they were t r a n s f e r r e d  to  m u l t i p l e  
pens in the big c a l f  house.
At the  t ime o f  admission,  C56 was du l l  and tachypnoeic  (36 /minute)  
and hyperpnoeic.  There was a b i l a t e r a l  mucopurulent nasal d ischarge and 
an occasional p roduct ive  cough; squeaks were heard on a u s c u l t a t io n  o f  the  
c r a n io - v e n t r a l  area o f  the thora x .
In g e n e ra l ,  the problem reached a peak in terms o f  c l i n i c a l  
signs of  pneumonia and in p a r t i c u l a r  coughing,  between November 30 and 
December 6., I t  g r a d u a l ly  subsided over the f o l lo w in g  few weeks. The 
youngest calves to  show obvious c l i n i c a l  signs were aged approximate ly  two 
weeks.
Post mortem f i n d i n g s
In c a l f  C5 6 , the re  was an e x ten s ive  pneumonia in the a n t e r i o r  
lobes,  the r i g h t  c r a n ia l  lobe was most seve re ly  a f f e c t e d .  The les ions  
were s o l i d ,  speckled and w i th  excess amounts o f  mucopus in the a i rw ays .
The nasal conchae were congested and conta ined much t h i c k  mucopus. 
M i c r o s c o p ic a l l y ,  th e re  was a severe r h i n i t i s  w i th  e p i t h e l i a l  h y p e r p la s ia ,  
marked n e u t r o p h i l i c  i n f i l t r a t i o n  and many plasma c e l l s  and lymphocytes 
s u b e p i t h e l i a l 1y . There was a ls o  a r e l a t i v e l y  m i ld  t r a c h e i t i s  w i th  s l i g h t  
e p i t h e l i a l  s loughing,  submucosal gland hypert rophy and d i l a t a t i o n .  In 
the pulmonary t i s s u e ,  th e re  was an acute  exudat ive  re a c t io n  superimposed 
on a mild c u f f in g  type l e s i o n .  There was congestion and oedema o f  the  
a l v e o l i  w i th  much plugging o f  the small airways by inf lammatory exudate .
The bronchial  e p i th e l iu m  had a vacuolated appearance w i th  a few small 
areas o f  necrosis and a macrophage type a l v e o l i t i s  was assoc iated  w i th  
these bronch io les .  There was good germinal c en t re  format ion  in the
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bronchia l  lymph node w i th  e x te n s ive  n e u t r o p h i l i c  i n f i l t r a t i o n .
The f in d in g s  in the  c l i n i c a l l y - n o r m a l  c a l f  (C59) were as 
fo l lo w s :  the lungs appeared normal except f o r  a few patches o f  c o l la p se
in  the c ran ia l  p o r t io n  o f  l e f t  lung. The l i v e r  was s l i g h t l y  p a le .  On 
h i s t o l o g i c a l  examination th e re  were severa l  small fo c i  o f  a n e u t r o p h i l i c  
inflammatory re a c t io n  in the  nasal conchae; th e re  was a s l i g h t  increase  
in the number o f  lymphocytes and plasma c e l l s  s u b e p i t h e l i a l 1y w i th  
occasional  lymphocytic aggregates p e n e t ra t in g  and d i s t o r t i n g  the  
e p i t h e l iu m .  There was a r e l a t i v e l y  m i ld  t r a c h e i t i s  w i th  s l i g h t  
e p i t h e l i a l  h y p erp la s ia ,  submucosal gland hypertrophy and d i l a t a t i o n .  The 
n e u t r o p h i l i c  i n f i l t r a t i o n  was m i ld  a lthough plasma c e l l s  and lymphocytes 
were abundant in the lamina p r o p r ia .  There was a m i ld  b r o n c h i t is  and 
focal  b r o n c h i o l i t i s .  There were a few lobules  o f  c o l lapse  and a ls o  some 
areas c h ara c te r ise d  by congestion ,  e p i t h e l i a l  c e l l  hypert rophy and mi ld  
mononuclear c e l l  i n f i l t r a t i o n  o f  the a l v e o l i .  There was a m i ld  degree  
o f  p e r ib ro n c h io la r  lymphocyt ic  accumulation.  There was a poor germinal  
cent re  formation in the bronchia l  lymph node w i th  much n e u t r o p h i l i c  
i n f i 1t r a t i o n .
M ic ro b io lo g ic a l  f in d in g s
M ic ro b io lo g ic a l  i n v e s t ig a t io n s  were l i m i t e d  to b a c t e r i o l o g i c a l  
and mycoplasmal study on t issues  from calves  C56 and C59.  N e i th e r  nasal  
nor nasopharyngeal swabs were taken from o th e r  a f f e c t e d  c a lv e s .
The b a c t e r i a  which were i s o la te d  from C56 were as fo l lo w s :  
Flavobacterium sp. and P. haemolyt ica (nasal conchae) ; F iavobacter ium sp.  
( t r a c h e a ) ; and F lavobacterium sp. and A. v i r id a n s  ( lu n g s ) .  No 
mycoplasmas were is o la te d  from the nasal conchae,  t rachea  and lungs.
188
In c a l f  C59 the  fo l lo w in g  i s o la t io n s  were made: A c inetobacter
sp.  (nasal conchae) ; A. v i r id a n s  and Bac i11 us 1entus (trachea)  ; and
A. v i r id a n s  ( lu n g s ) .  M. b o v i r h in is  was i s o la te d  from the t ra c h ea ;  no
mycoplasmas were i s o la te d  from the nasal conchae and the lungs.
S ero log ica l  f in d in g s
Sero log ica l  s tud ies  were c a r r i e d  out on th ree  serum samples
obta ined from each o f  20 calves  which were a l l  pneumonic a t  the t ime the
"acute  phase" samples were obta ined (November 2 0 ) .  When the  
convalescent samples were obta ined (January 22,  198 0 ) ,  the calves  had 
been weaned and loose-housed in the small c o u r t .  The f i r s t  samples were 
c o l l e c t e d  during the f i r s t  week o f  l i f e ,  t h a t  i s ,  September to  October,  
1979.  Sero log ica l  examinat ion was l i m i t e d  to  a search f o r  a n t ib o d ies  to  
P13 and RSV since these v i ruses  appear to  be most commonly im p l ica ted  in 
c a l f  r e s p i r a t o r y  disease in B r i t a i n  ( S t o t t  and o th e r s ,  1 978 ) .  The 
haemagglutination i n h i b i t i o n  (HAI) antibody t i t r e s  to  P13 v i r u s  and the
lo g a r i t h m ic  i n a c t i v a t i o n  values o f  RSV n e u t r a l i z i n g  a n t ib o d ies  were 
determined.  The HAI ant ibody ( r e c ip r o c a l )  t i t r e s  was p lo t te d  aga ins t  
the month o f  c o l l e c t i o n  o f  serum (F igure  * 0  and the lo g a r i t h m ic  
i n a c t i v a t i o n  values o f  serum RSV n e u t r a l i z i n g  a n t ib o d ies  was p lo t t e d  
ag a in s t  month o f  c o l l e c t i o n  on F igure  5.
-  P a ra in f lu e n za  type 3 v i r u s  :
Most serum samples c o l le c t e d  dur ing the f i r s t  week o f  l i f e  had 
high antibody t i t r e s  to  P13 v i r u s :  1 /6^  (11 calves  or  55%), 1 /32  ( th ree
c a l v e s ) ,  1 /128  (one c a l f ) .  The a n t ib o d ies  to  P13 and RSV in the samples 
obta ined during the f i r s t  week o f  l i f e  were considered to  be co lostru m-  
d e r iv e d .  The ant ibody l e v e l s  g e n e r a l l y  dec l ine d  w i th  age; the d e c l in e  
over the f i r s t  months o f  l i f e  was g re a te r  than t h a t  which occurred l a t e r .
189
F ig u re
Serum le v e l s  o f  haemagglutination i n h i b i t i o n  
. a n t i b o d i e s  to  P ara in f lu e n za  3 v i ru s  f o r  20 c a lves .
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F ig u re  5
Log. i n a c t i v a t i o n  values o f  R e s p ira to ry  
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In on ly  two calves  (C^3 and C52) d id  the  second samples have h igher  
antibody le v e ls  than the f i r s t .  Even then the r i s e  was not enough to  be 
considered as p o s i t i v e  seroconversion.  Hence s ince a s i g n i f i c a n t  P 13 
v i ru s  a c t i v i t y  was not observed, the v i r u s  could not be im p l ic a te d ,  a t  
l e a s t ,  in t h i s  p a r t i c u l a r  outbreak.
-  R e sp ira to ry  s y n cy t ia l  v i ru s  :
In on ly  two (C53 and C63) o f  the 20 calves  did the second serum
samples have h igher  antibody l e v e ls  than the f i r s t .  In ten calves  (C35,
C^2, C43, C45, C46, C^7, C49, C51 , C52 and C67) the second samples had 
lower antibody t i t r e s  than the f i r s t ,  however t h e i r  t h i r d  samples had much 
higher  t i t r e s  than the  second. The antibody  l e v e l s  in the  remaining  
e ig h t  calves decl ined w i th  t im e .  I f  a log conversion d i f f e r e n c e  (RSV 
ant ibod ies )  o f  0 . 6  or g r e a t e r  is i n d i c a t i v e  o f  p o s i t i v e  seroconversion,  
th a t  i s ,  eq u iv a len t  to a f o u r - f o l d  increase  in t i t r e  or g r e a t e r  (P r in g le  
1980 personal communication) then only  c a l f  C53 seroconverted between 
October and November 1979 w h i le  e ig h t  ca lves  (C35» C*t3, C45, C46, CkJ, C51 ,
C52 and C67) seroconverted between November 1979 and January 1980.  The
period o f  seroconvers ion to  RSV by the  l a t t e r  e ig h t  ca lves  coincided  
w ith  the outbreak o f  r e s p i r a t o r y  disease in t h i s  p a r t i c u l a r  group o f  ca lves  
in December 1979.  Thus RSV can be in c r im in a te d  in t h i s  outbreak o f  c a l f  
r e s p i r a t o r y  d isease ,  a t  l e a s t  on the a v a i l a b l e  s e ro lo g ic a l  evidence.
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DISCUSSION
The main reason fo r  the farm manager's i n i t i a l  request fo r  
s p e c i a l i s t  advice was because o f  a perennia l  indoor c a l f  pneumonia 
problem which he f e l t  was g e t t i n g  p r o g re s s iv e ly  more d i f f i c u l t  to  t r e a t  
s a t i s f a c t o r i l y .  As f a r  as he was concerned, the pneumonia inc ide n t  
which s ta r te d  in the month o f  November, 1979 was id e n t i c a l  to  th a t  which 
had caused t ro u b le  in previous y ea rs .  The c l i n i c a l  and ep idemio logica l  
f e a tu re s  o f  the outbreak were noted over a per iod  o f  approximate ly  l*f 
weeks. Two calves  were s a c r i f i c e d  f o r  f u r t h e r  s tudy ,  one was a t y p ic a l  
example o f  the more severe form o f  the disease and the  o ther  was an 
apparen t ly  hea l th y  in -c o n ta c t  an imal ;  both o f  these calves  were s tud ied  
p a t h o lo g ic a l l y  and m i c r o b i o l o g i c a l 1y . In a d d i t i o n ,  acute  and 
convalescent serum samples were obta ined from a t y p i c a l l y - a f f e c t e d  group 
o f  20 newly weaned c a lv e s .
The c l i n i c a l  fe a tu re s  o f  the problem were c h a ra c te r is e d  by 
widespread coughing and tachypnoea and a t  any one t ime dur ing the  e a r l y  
days o f  the in c id e n t ,  u s u a l ly  a t  l e a s t  h a l f  o f  the calves  in the a f f e c t e d  
group were so a f f e c t e d .  Only a r e l a t i v e l y  small p rop o r t io n  o f  calves  
became dul l  and a n o re x ic .  Treatment o f  a l l  calves  w i th  p e n i c i l l i n  and 
streptomycin u s u a l ly  re s u l te d  in a reduct ion  in the frequency o f  coughing 
although t r e a te d  calves u s u a l ly  continued to  be tachypnoeic  fo r  some t im e .  
Thus, the general  problem resembled the syndrome which is u s u a l ly  
associated  w i th  e p i z o o t i c  b ro n c h i t is  (Parker ,  1965 ) ,  les ions  o f  c u f f i n g  
pneumonia (Wiseman and P i r i e ,  1979) or th e  upper r e s p i r a t o r y  disease  
syndrome as described by Thomas (1973) and Bryson and others  ( 1 9 7 8 a ,b ) . 
The calves which became more seve re ly  pneumonic and f e b r i l e  a lso  
responded wel 1 to  p e n i c i l l i n  and streptomycin trea tm ent  a lthough in 
many cases,  a mucoserous or  mucopurulent nasal discharge developed a f t e r
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a day or two. Such cases have been descr ibed as o c c urr ing  in inc idents  
o f  "enzoot ic  pneumonia" (Wiseman and P i r i e ,  1979 ) ,  " c a l f  pneumonia"
(Bryson and o th e rs ,  1978a,b) o r  f o l lo w in g  the development o f  " lower  
r e s p i r a t o r y  s igns"  (Thomas, 1973 ) .
An examinat ion o f  the lungs o f  the pneumonic c a l f ,  s laughtered  
approximate ly  two weeks a f t e r  having been t r e a t e d  fo r  acute  pneumonia 
revealed th a t  i t  had les ions  o f  acute exuda t ive  pneumonia and a mi ld  
c u f f i n g  type l e s io n ;  a f f e c t e d  areas were speckled w i th  excess amounts o f  
mucopus which was a lso  present  in the a i rw ays .  No mycoplasmas were 
recovered from the  r e s p i r a t o r y  t r a c t  o f  the k i l l e d  pneumonic c a l f  and,  o f  
the b a c t e r ia  which were i s o la t e d ,  on ly  P. haemolyt ica  is o la te d  from the  
nasal conchae, is considered pathogenic.  However, the " c l a s s ic "  les ions  
of  p a s t e u r e l l a  pneumonia, namely f ib r in o u s  exudation and p le u r is y  were 
not seen. On the o ther  hand, poss ib ly  pathogenic b a c t e r i a l  organisms 
were not recovered from the r e s p i r a t o r y  t r a c t  o f  the a p p a re n t ly  h ea l th y  
c a l f  e i t h e r .  Mycoplasma b o v i r r h i n i s  was i s o la te d  from the trachea of  
th i s  c a l f  which had very m i ld  acute inf lammatory re a c t io n  o f  the upper  
r e s p i r a t o r y  t r a c t .  Bryson and o thers  ( l 9 7 8 a ,b )  a ls o  recovered  
M. b o v i r r h in i s  from the upper r e s p i r a t o r y  t r a c t  o f  ca lves  in a l l  th re e  
outbreaks in which the c l i n i c a l  signs were i n d i c a t i v e  o f  damage in v o lv in g  
mainly  the upper r e s p i r a t o r y  t r a c t .
In s h o r t ,  n e i t h e r  the c l i n i c a l  and ep idem io log ica l  fe a tu re s  o f  
the disease nor even a post mortem examinat ion on one ty p ic a l  case,  helped  
d e f in e  the under ly ing  cause o f  the problem. S i m i l a r l y ,  a d e t a i l e d  
b a c t e r io lo g ic a l  and mycoplasmal examinat ion revea led  l i t t l e  o f  s i g n i f i c a n c e ,  
save f o r  the presence o f  P. h aem o ly t ic a . and t h a t  in lungs which d id  not  
have the c la s s i c  les ions  o f  pneumonic p a s t e u r e l l o s i s  ( P i r i e ,  1978);
V iru s  i s o l a t i o n  was not at tempted from e i t h e r  upper or  lower r e s p i r a t o r y  
t r a c t .  However, an examinat ion o f  p a i red  (acute and convalescent)  serum 
samples from a l l  ( i d e n t i f i e d )  members o f  the a f f e c t e d  group revealed  
evidence o f  a c t i v e  i n f e c t i o n  w i th  RS v i r u s ,  c o in c id e n ta l  w i th  the  
pneumonic in c id e n t  in t h a t  seroconversion occurred in 12 (60%) o f  the  20 
c a lv e s .  N e ver th e less ,  the e p id e m io lo g ic a l ,  c l i n i c a l  and patho log ica l  
fea tu re s  o f  the inc iden t  in quest ion were not c o n s is te n t  w i th  those o f  
what is claimed to  be " c l a s s i c 11 v i ru s  pneumonia due to  RS v i ru s  i n f e c t i o n  
(Holzhauer,  1978) .
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CHAPTER 4
GENERAL DISCUSSION
GENERAL DISCUSSION
The ass is tance  of  the r e s p i r a t o r y  d isease research team o f  the  
U n i v e r s i t y  o f  Glasgow V e t e r in a r y  School was sought to  he lp  stem the  
" p e r s i s t e n t  pneumonia problem" in the c a l f  u n i t  o f  a 120 cow d a i ry  farm.  
Consequently,  v i s i t s ,  a t  l e a s t  once a week, were made to  examine the  
calves in order  to  i d e n t i f y  the problems and the circumstances under which 
they developed; in a d d i t i o n ,  the management and feed ing  procedures were 
studied in an attempt to  e va lu a te  t h e i r  in f lu e n ce  on c a l f  performance.
In a l l ,  116 calves  were born on the farm dur ing the  period of  
study and were reared w i th  the calves  b ro u g h t - in  from the o the r  d a i ry  
u n i t .  Although calves were born throughout the y e a r ,  most ca lv ings  took  
place dur ing the autumn o f  1979 and May 1980.  Calves were born in 
c a lv in g  boxes and l e f t  w i th  t h e i r  dams f o r  2k to  *+8 hours. The calves  
subsequently a t t a in e d  high serum immunoglobulin l e v e l s ,  most (56%) o f  
those born between October 1,  1979 and May 1 ,  1980 had ZST values above 
20 u n i t s ;  only 13 .8  per cent a t t a in e d  less  than 10 ZST u n i t s .  The ZST 
values f o r  calves born between June and September 1979 were not included  
because t h e i r  immunoglobulin s ta tus  dur ing the f i r s t  week o f  l i f e  was 
unknown. Although a l l  the calves  were born under the  same circumstances,  
t h a t  i s ,  in loose boxes and l e f t  t o  suck t h e i r  dams, the  mean monthly  
immunoglobulin l e v e ls  f l u c t u a t e d  w i th  the  mean monthly temperatures: the
le a s t  mean monthly ZST value  (15 .0  u n i ts )  was recorded during  the  co ldes t  
month (January,  1980 ) .  Results  o f  a farm survey by Selman and others  
(1971b) confirmed e a r l i e r  suggestions t h a t  the managemental d i f f e r e n c e s  
assoc ia ted  w i th  simnmer and w in t e r  c a lv in g  might be respons ib le  f o r  the  
marked seasonal v a r i a t i o n  not iced  in the serum immunoglobulin c oncentra t ions  
o f  newborn A y rsh ire  bu l l  calves In the west o f  Sco t land .  The farm studied
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r a i s e d  o n l y  F r i e s i a n  c a t t l e  under the  same management system th ro u g h o u t  
t h e  y e a r  and the  marked seasonal  v a r i a t i o n  in  im m u n o g lob u l in  l e v e l s  i s  
d i f f i c u l t  t o  e x p l a i n .  Since ( i )  a seasonal  v a r i a t i o n  in  c o l o s t r a l  
im m u n o g lob u l in  c o n c e n t r a t i o n  does no t  o c c u r  (Selman,  19&9),  ( i i ) low 
amb ien t  t e m p e ra tu r e s  do not  depress  th e  a b s o r p t i v e  e f f i c i e n c y  o f  newborn 
d a i r y  c a l v e s  (Selman and o t h e r s ,  1971a) and ( i i i )  c a l v e s  born  in  th e  f i e l d  
a c h ie v e d  h i g h e r  im m unog lobu l in  l e v e l s  than  th o s e  born  in  boxes (Selman and 
o t h e r s ,  1971b) ,  i t  is  p roba b le  t h a t  th e  l o n g e r  p e r i o d s  o f  darkness  d u r i n g  
t h e  w i n t e r  months may be d e t r i m e n t a l  t o  t h e  i n g e s t i o n  o f  c o lo s t r u m  as 
c a l v e s  born  d u r i n g  such p e r io d s  a re  l i k e l y  t o  spend more t im e  s e a r c h in g  
f o r  t h e  udder than  those  born in  summer months .  O th e rw i s e ,  o t h e r  e x te r n a l  
f a c t o r s  such as s l i p p e r y  f l o o r s  must  have p re v e n ted  newborn c a lv e s  f rom 
s t a n d in g  f o r  s u f f i c i e n t l y  long  p e r i o d s  t o  i n g e s t  adequate  c o lo s t r u m  d u r i n g  
t h e  c r u c i a l  f i r s t  hours o f  l i f e .
No s i g n i f i c a n t  neonata l  p rob lems were e nco u n te re d  d u r in g  the  
p e r i o d  o f  s t u d y .  A g a in s t  t h e  acknowledged h ig h  m o r b i d i t y  and m o r t a l i t y  
r a t e s  f rom NCD in  the  west  o f  S c o t l a n d  t h i s  f i n d i n g  was i n i t i a l l y  r a t h e r  
s u r p r i s i n g  bu t  no t  in  l i g h t  o f  t h e  h ig h  serum im m unog lobu l in  l e v e l s  
a t t a i n e d  by th e  c a lv e s  coup led  w i t h  t h e  h igh  s ta n d a r d  o f  management and 
h yg ien e  on th e  fa rm :  the  c a l v i n g  boxes and c a l f  houses were w e l l
c o n s t r u c t e d  and w e l l  v e n t i l a t e d ,  c a l v e s  were s i n g l y  penned d u r in g  the  
f i r s t  month o f  l i f e ,  th e  c a l f  houses and f e e d in g  u t e n s i l s  were r e g u l a r l y  
c le a ne d  and the  c a lv e s  were p ro m p t l y  t r e a t e d  (and a t  t im e s  i s o l a t e d )  on 
d e t e c t i o n  o f  s i g n s  o f  i l l - h e a l t h .  A n o th e r  c o n t r i b u t o r y  f a c t o r  in  the  
r e d u c t i o n  o f  th e  in c id e n c e  o f  d i a r r h o e a  m ig h t  have been the  f e e d in g  o f  
a c i d  m i l k  wh ic h  had been shown t o  dec rease  t h e  c o l i f o r m  p o p u la t i o n s  in  
preweaned c a l v e s  (Simms and C h a m b e r la in ,  1 9 8 0 ) .  Th ree  cases o f  p ro fu s e  
p e r s i s t e n t  sw e a t ing  were reco rded  on th e  f a r m .  The e x a c t  ages o f  the
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f i r s t  two were unknown because they were a l re a d y  about fo u r  months o ld  a t  
the  beginning o f  the study.  They were a l le g e d  to  have sweated 
continuously  fo r  about a week. The t h i r d  c a l f  was about th ree  weeks o ld  
when i t  sweated p ro fuse ly  f o r  about two days and then ceased. Nothing  
e lse  was noticed to  have been wrong w i th  the c a l f  then or u n t i l  the s tud ies  
were te rminated one and a h a l f  months l a t e r .  The on ly  o th e r  re p o r t  on 
hyperhydrosis is by Larson and P r io r  (1971) who reported  skin  l e s io n s ,  
c o n j u n c t i v i t i s ,  p i t y r i a s i s  and d i g e s t iv e  d is tu rbances  in a d d i t io n  to  
sweat ing.  These authors suspected t h a t  the  cause o f  the d isease syndrome 
was a ge net ic  d e fec t  which became apparent a f t e r  a s e l e c t i v e  mating  
between two l in e s  o f  purebred Shorthorn c a t t l e .  However, a l l  the three  
calves were appare n t ly  hea l th y  and th e re  was no evidence o f  any o ther  
abnorm al i ty  or l e s io n .
An outbreak o f  what the farm manager descr ibed as r e s p i r a t o r y  
disease occurred about the  middle o f  September 1979.  Calves under f i v e  
weeks o ld  were most sev ere ly  a f f e c t e d .  The f i r s t  ca lves  to  show c l i n i c a l  
signs were about ten days o ld  and had high f e v e r ,  increased coughing and 
tachypnoea. On September 26 ,  1979,  a ten days o ld  c a l f  d ied in s p i t e  of  
having been t r e a te d  w i th  p e n i c i l l i n  and streptomycin  f o r  two days (a 
h i t h e r t o  e f f e c t i v e  measure a ga ins t  r e s p i r a t o r y  d isease on the  fa rm ) .
Post mortem examinat ion o f  the above c a l f  and another moribund in d iv id u a l  
revea led  signs c o n s is te n t  w i th  a ge n era l ise d  sept icaem ia ;  S. dub l in  was 
i s o la te d  from the lungs o f  the former and the  lungs ,  l i v e r  and spleen of  
the  l a t t e r .  The organism was a ls o  i s o la t e d  from the r e c t a l  swabs o f  
th re e  o ther  calves  on 2 8 / 9 / 7 9 .  Thus a d iagnosis  o f  d isease due to  
S. dubl in was made. I t  was c h a ra c te r is e d  by high f e v e r ,  d u l ln e s s ,  
tachypnoea and coughing in the young (1 -2  weeks o ld )  ca lves  and less  
severe s igns ,  mainly  du l lness  and tachypnoea,  in 4 - 5  weeks o ld  c a lv e s .
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Although deaths were confined to  the younger members o f  the group, the re  
was no d i f f e r e n c e  between the serum immunoglobulin l e v e l s  o f  sick- in fe c ted  
calves  and those of  a p p aren t ly  h e a l th y  c a lv e s .  Th is  agrees w i th  the  
f i n d i n g  o f  P e t r i e  and o thers  (1977) who d id  not f in d  any c o r r e l a t i o n  
between the serum immunoglobulin l e v e ls  and s u s c e p t i b i l i t y  o f  calves  to  
S. e n t e r i t i d e s  i n f e c t i o n .
Only th re e  calves  were p o s i t i v e  f o r  S. dub l in  a t  a t ime when 
11 calves  were c l i n i c a l l y  s ic k .  The low recovery  r a t e  might have been 
due to  f a i l u r e  to  shed the organisms in faeces which had been known t o  
occur even when the organisms were present in parenchymatous organs of  
calves  dying from acute s a lm one l los is  (Gibson, 1961) or  in blood ( P e t r i e  
and o th e rs ,  1 97 7 ) .  I n i t i a l l y ,  the calves  were t r e a t e d  w i th  p e n i c i l l i n  
and streptomycin because the farmer  b e l ie v ed  th a t  the c l i n i c a l  syndrome 
was due to  pneumonia. However, the  trea tment  regime f a i l e d  because of  
the  common streptomycin re s is ta n c e  in S. dubl in i n f e c t i o n  (Sojka and 
Hudson, 1976) .  The drug chosen a f t e r  s e n s i t i v i t y  t e s t  (T r imethopr im/  
sulphadiaz ine) e f f e c t i v e l y  c le ared  the i n f e c t i o n ;  no e xc re to rs  were 
detected  by th ree  weeks a f t e r  trea tm ent was i n s t i t u t e d  and no f u r t h e r  
c l i n i c a l  cases occurred.  However, once a g a in ,  q u i t e  a p a r t  from an 
e f f e c t i v e  th erapy ,  o the r  f a c to r s  c o n t r ib u te d  to  the rap id  c u r ta i lm e n t  o f  
d isease:  these inc lude prompt d ia g n o s is ,  the f a c t  th a t  the disease was
l i m i t e d  to  calves  and hyg ien ic  measures taken to  l i m i t  the spread o f  
i n f e c t i o n  such as the e r e c t io n  o f  new c a l f  pens so t h a t  subsequently  
int roduced calves  were ra ise d  in a c lean  environment ,  the thorough 
c lea n in g  o f  contaminated pens, and the continued t rea tment  o f  newly-  
introduced ca lv es .
However, the source o f  S. d u b l in  i n f e c t i o n  was unknown. F i e ld  
(19^8) s ta ted  t h a t  very  young calves  were a f f e c t e d  only  in herds in which
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a d u l t  c a r r i e r s  o f  S. du b l in  were present .  More r e c e n t l y ,  i t  has been 
shown th a t  l a t e n t  S. du b l in  c a r r i e r s  shed organisms a t ,  o r  soon a f t e r ,  
p a r t u r i t i o n  (Richardson, 1973; Counter and Gibson, 1 98 0 ) .  I t  was 
suggested by these authors th a t  l a t e n t  c a r r i e r s  o f  S. dub l in  may produce 
c o n g e n i t a l l y  in fe c ted  calves  or  ex c re te  the organism a t  or  soon a f t e r  
p a r t u r i t i o n  and th a t  t h i s  may provide  the o r i g i n  o f  many outbreaks o f  
S. dub l in  in f e c t io n  in s e l f  contained herds.  However, no member o f  the  
cow herd was seen to  be s ic k  about the per iod o f  the ou tbreak ,  nor did  
any have a h is t o r y  o f  s a lm o n e l lo s is .  No attempts  were made to  i s o l a t e  
salmonella  from the blood or faeces o f  cows; however, examinat ion o f  the  
m i lk  f i l t e r  on th re e  occasions revea led  no salmonel lae  i n d i c a t i n g  t h a t  
the  organisms were not shed in to  m i lk  a t  the t ime when the  f i l t e r s  were 
examined. On the other  hand, market ca lves  were bought - in  dur ing the  
spr ing  o f  1979 and the o ld e s t  calves involved in the sa lm one l los is  
outbreak  (C1-C8) were reared in the same premises w i th  the former .  As 
a m a t te r  o f  f a c t ,  one o f  the o ld e s t  calves  (C2) which was said  to  have 
" s t a r t e d  the problem) was e x c re t in g  the organism on 2 8 / 9 / 7 9 .  Thus,  i t  
seems th a t  i n f e c t io n  p e rs is te d  in the  c a l f  house due to  the continued  
e x c r e t io n  o f  organisms by in fe c te d  ca lves  u n t i l  a stage when b u i ld - u p  o f  
i n f e c t i o n  was s u f f i c i e n t l y  high to  cause severe c l i n i c a l  d isease .  The 
f a c t  th a t  no new cases occurred when newly - in troduced  c a lv e s ,  born in the  
same c a lv in g  pens, were ra is e d  in c lean  pens supports the  v iew t h a t  the  
disease was not due to  contaminated c a lv in g  pens and was l i m i t e d  to  c a lv e s .  
A ls o ,  since the incubat ion per iod in na tura l  ( P e t r i e  and o t h e r s ,  1971) 
and experimental  (Smith and Jones, 1967) in fe c t io n s  is u s u a l ly  one to  
th r e e  days,  the c l i n i c a l  signs would have been evinced be fore  the calves  
were 10 to  12 days of  age i f  the calves  were in fe c t e d  in the c a lv in g  
boxes.
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During the outbreak  o f  d isease due to  S. d u b l in  two 10 weeks 
o ld  calves had enlarged j o i n t s ,  one o f  these was very lame and 
examination o f  a rec ta l  swab taken from i t  proved to  be p o s i t i v e  f o r  
S. d u b l i n . The two calves  were o therwise  normal and the  a e t io lo g y  o f  
a r t h r i t i s  was not in v e s t ig a te d .  Three o th e r  ca lves  which were c l i n i c a l l y  
s ick  during the  outbreak of  sa lm onel los is  in September 1978 and which 
were t r e a te d  w i th  Tr im ethopr im /Su lphad iaz ine  had developed enlarged j o i n t s  
by the t ime they were s laughtered  (2 9 /10 /79 )  . One o f  them (C2k) excre ted  
S. dubl in organisms on 2 8 / 9 / 7 9 ,  9 / 1 0 / 7 9  and 1 7 / 1 0 / 7 9 .  C. pyogenes was 
recovered from the j o i n t s  o f  two ca lves  w i th  grossly  enlarged j o i n t s ,  
excessive amounts of  f l u i d  and pus. However, the t h i r d  c a l f  from which 
S. dub l in  was iso la ted  before  t rea tment  had si i g h t l y  enlarged j o i n t s  w i th  
excess f l u i d  from which no organisms were i s o la t e d .  N e i th e r  mycoplasmas 
nor H. somnus was is o la te d  from any o f  the j o i n t s .  I t  was not possib le  
to  determine whether C. pyooenes was a primary cause o f  the  a r t h r i t i s  or  
a secondary invader of  t is sues  a l re a d y  d e v i t a l i z e d  by S. dub l in  
septicaemic  l o c a l i z a t i o n .  Although mycoplasmas (Hughes and o th e r s ,  1966;  
Gourlay and o th e rs ,  1976) have been is o la te d  from les ions  o f  a r t h r i t i s  
and have been shown to be capable o f  producing a r t h r i t i s ,  th e re  is some 
debate as to  whether salmonel la  organisms a re  capable  o f  producing  
a r t h r i t i s  per s e . However, F ie ld  (19^8) s ta te d  t h a t  in a small number 
o f  sa lmonella  cases enlargement o f  carpal  and ta r s a l  j o i n t s  occurred.
Wray and Sojka (1977) s ta te d  th a t  p o l y a r t h r i t i s  and o s t e i t i s  in calves  
e xp e r im e n ta l ly  and n a t u r a l l y  in fe c ted  w i t h  S. d u b l in  has been descr ibed  
by K e rs je s ,  F r i k  and Water ing (1 966 ) .  G i t t e r  and o thers  (1978) repor ted  
th a t  S. dubl in  was recovered from the k id ney ,  l i v e r ,  ga l l  bladder  and 
small i n t e s t i n e  but not from the f e t l o c k  j o i n t  o f  a s eve re ly  ( a r t h r i t i s )  
a f f e c t e d  seven week o ld  h e i f e r .  Probably salmonel la  organisms are  soon
c le a red  from the j o i n t s  pos t -sept icaem ic  l o c a l i z a t i o n ,  or produce tox ins  
which d e v i t a l i z e s  the t issu es  and makes them s u s c e p t ib le  to  secondary 
invaders .
The problem f o r  which advice  was sought i n i t i a l l y  was described  
by the farmer as pneumonia which became a major i r r i t a t i o n  in t h a t  no 
deaths have occurred but on the o ther  hand very many calves  were r e q u i r in g  
t o  be t re a te d  and u s u a l ly  they requ ired  more than one course o f  
a n t i b i o t i c .  During the  per iod o f  s tudy,  the c l i n i c a l  syndrome was found 
to  be widespread, mi ld  to  moderately  severe tachypnoea and coughing.  
Although tachypnoea was u s u a l ly  f i r s t  observed, i t  was not (on i t s  own) 
regarded as a s i g n i f i c a n t  problem except when accompanied by f requent  
coughing and/or an o rex ia .  About h a l f  or more o f  the calves  in each group,,  
which were u su a l ly  b r ig h t  and not a n o re x ic ,  were a f f e c t e d .  In an 
uncomplicated outbreak,  the r e s p i r a t o r y  ra te s  o f  the ca lves  hard ly  ever  
exceeded 60 /minute ;  the syndrome was never very severe and no deaths  
occurred from r e s p i r a t o r y  disease dur ing the per iod o f  i n v e s t i g a t i o n .  
Treatment with  a n t i b i o t i c s  (o f ten  p e n i c i l l i n  and streptomycin)  u s u a l ly  
r e s u l te d  in a reduct ion  o f  the s e v e r i t y  o f  coughing although the calves  
continued to  be tachypnoeic  fo r  v a r i a b l e  lengths o f  t im e .  This c l i n i c a l  
syndrome resembled the c l i n i c a l  f in d in g s  assoc iated  w i th  " e p i z o o t i c  
b r o n c h i t i s "  (Parker ,  19 6 5 ) ,  "upper r e s p i r a t o r y  d isease"  (Thomas, 1973;  
Bryson and o th e r s ,  1978a) and " c u f f in g  pneumonia" (Wiseman and P i r i e ,
1979) .
Much less  f r e q u e n t l y ,  one o r  two ca lves  were seen to  be d u l l ,  
p y rex ic  and tachypnoeic .  Close examinat ion o f  the  group u s u a l ly  revea led  
t h a t  such calves were the worst a f f e c t e d  members of  a group o f  tachypnoeic  
and coughing c a lv es .  One or  a few days l a t e r ,  such du l l  ca lves  developed
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mucoserous to mucopurulent nasal discharge regard less  o f  a n t i b i o t i c  
t re a tm en t .  A n t i b i o t i c  treatment which were u s u a l ly  promptly admin is tered  
o f t e n  resu l ted  in lower ing o f  the r e c t a l  temperature  and b r ig h te n in g  up 
o f  the  c a lves .  This  sudden onset acute  c l i n i c a l  syndrome has been 
described as being due to  the development o f  lower r e s p i r a t o r y  disease  
(Thomas, 1973) or c a l f  pneumonia (Bryson and o th e r s ,  1 978 ) ,  v i rus  
pneumonia and e nzoot ic  pneumonia (Wiseman and P i r i e ,  19 7 9 ) .  Because o f  
favourab le  responses to  a n t i b i o t i c  the rapy ,  M a r t in  (1978b) s ta te d  th a t  
" w h i le  there  is l i t t l e  d ispute  t h a t  n o n -b a c te r ia l  agents do p lay  a p a r t  
a t  some stage in the pathogenetic  events lead ing  to  c l i n i c a l  pneumonia,  
the  o v e ra l l  response to  a n t i b a c t e r i a l  p repara t ions  is such as to  o f f e r  
evidence th a t  i t  is b a c t e r i a  which play the f i n a l  major r o l e " .  S i m i l a r l y ,  
because the treatment o f  lung homogenates w i th  t y l o s i n  prevented  
exper imental  pneumonia w h i le  un t rea ted  homogenate was s u c c e s s fu l ly  used 
to  produce pneumonia, Gourlay and o thers  (1976b) i n f e r r e d  t h a t  mycoplasmas 
were important in the product ion o f  c a l f  pneumonias.
Two c a lves ,  one pneumonic and the o ther  a p p a re n t ly  h e a l th y  were 
bought f o r  f u r t h e r  s tud ies  on 1 9 /1 2 /7 9  (two weeks a f t e r  the pneumonic c a l f  
was t r e a t e d  fo r  sudden onset acute  pneumonia) . C l i n i c a l  examinat ion on 
the day o f  necropsy (2 0 /1 2 /7 9 )  in d ica ted  t h a t  the pneumonic c a l f  had 
developed suppprative pneumonia. At post mortem, the  c a l f  had a severe  
r h i n i t i s ,  a r e l a t i v e l y  m i ld  t r a c h e i t i s ,  les ions  o f  acute  e xudat ive  
pneumonia and a m i ld  c u f f i n g  type l e s i o n ;  the les io n s  were speckled w i th  
excess amounts o f  mucopus which was a ls o  present  in the a i rw a ys .  Thus 
on basis o f  post mortem f i n d i n g s ,  i t  was not possib le  to  a r r i v e  a t  a 
d e f i n i t e  diagnosis .  No v i rus es  or mycoplasmas were is o la t e d  from the  
r e s p i r a t o r y  t r a c t  o f  t h i s  pneumonic c a l f ;  o f  the b a c t e r ia  i s o la te d  only  
P. haemolvt ica might be considered pathogenic a lthough i t  was recovered
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from the nasal conchae o n ly .  Moreover,  f i b r i n o u s  exudation assoc iated  
w i th  p a s t e u r e l l a  in fe c t io n s  was not observed ( P i r i e ,  19 7 8 ) .  On the  
other  hand, no s i g n i f i c a n t  les ions  were found in the lungs o f  the  
ap p are n t ly  hea l th y  c a l f  and b a c t e r i a  considered pathogenic were not 
recovered from i t s  r e s p i r a t o r y  t r a c t ;  M. b o v i r r h i n i s  was is o la te d  from 
the  trachea o f  t h is  c a l f  which had a very  m i ld  acute  inf lammatory  
re a c t io n  o f  the upper r e s p i r a t o r y  t r a c t  and i n s i g n i f i c a n t  lung l e s io n s .
M. b o v i r r h in i s  was s i m i l a r l y  is o la te d  from the upper r e s p i r a t o r y  t r a c t  
o f  calves in a l l  th ree  “outbreaks in which the  c l i n i c a l  signs were 
i n d i c a t i v e  o f  damage in v o lv in g  main ly  the upper r e s p i r a t o r y  t r a c t "
(Bryson and o th e r s ,  1978 ) .  Although the s ig n i f i c a n c e  o f  M. b o v i r r h i n i s  
in upper r e s p i r a t o r y  t r a c t  in fe c t io n s  has not been determined,  the  
organism is not considered pathogenic f o r  c a l f  lungs (Gourlay and o th e rs ,  
1979) .
Three sets of  serum samples taken from each o f  20 calves  a t  
about one to  two months in t e r v a l s  were examined f o r  haemagglutination  
i n h i b i t i o n  ant ibody l e v e ls  to P 13 v i r u s  and log conversion d i f f e r e n c e  o f  
RSV a n t ib o d ie s .  No s i g n i f i c a n t  P13 v i r u s  a c t i v i t y  was d e te c te d .  Since  
a log conversion d i f f e r e n c e  o f  RSV a n t ib o d ies  o f  0 . 6  or g r e a t e r  between 
two consecut ive sera is e q u iv a le n t  t o  a f o u r - f o l d  increase in antibody  
t i t r e  ( P r in g le ,  1980,  personal communication) nine  o f  the 20 ca lves  may 
be regarded as having seroconverted between November 1979 and January  
1980 ( f i v e  o f  the calves  had a log conversion d i f f e r e n c e  o f  RSV a n t ib o d ies  
g re a te r  than 1 . 0 ) .  This s i g n i f i c a n t  RSV a c t i v i t y  co inc ided w i th  the  
per iod when there  was an increased leve l  o f  r e s p i r a t o r y  disease problem 
in one p a r t i c u l a r  group. Thus, on s e ro lo g ic a l  grounds RSV can be 
incr im inated  in the r e s p i r a t o r y  disease outbreak on the farm.
Although,  a t  t im es ,  such i n f e c t i o n  occurred w i thout  
m a n i fe s ta t io n  o f  c l i n i c a l  s igns,  h igher  v i ru s  a c t i v i t i e s  were more o f t e n
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recorded in calves dur ing outbreaks of  c a l f  r e s p i r a t o r y  disease than in 
groups o f  apparen t ly  h e a l th y  c a lv e s .  S i m i l a r l y ,  Thomas and others  (1980) 
noted t h a t  a sharp r i s e  in mean t i t r e  o f  ant ibody to  RSV co incided w i th  
the  appearance o f  a r e s p i r a t o r y  d isease;  however, a l though a s i g n i f i c a n t  
s ero lo g ic a l  response was f i r s t  de tected  in calves  from the same pen in 
which disease was f i r s t  recognised,  no c o r r e l a t i o n  was found in in d iv id u a l  
animals  between RSV in f e c t i o n  and the appearance o f  r e s p i r a t o r y  d isease.
I t  should perhaps be re-emphasised t h a t  d esp i te  the var ious  
o th e r  studies  which were c a r r i e d  out and the o th e r  disease problems which 
arose ,  the i n i t i a l  request f o r  s p e c i a l i s t  advice  was because o f  an 
a l l e g e d  indoor c a l f  pneumonia problem. In f a c t ,  in loca l  terms, the  
pneumonic episode which arose dur ing the l a s t  few weeks o f  1978 was not 
p a r t i c u l a r l y  severe in t h a t  no deaths occurred ,  no chronic  r e s p i r a t o r y  
cases arose and any "s e t -b a c k "  in the  c o n d i t io n  o f  the calves  appeared 
to  be minimal .  Q u i te  a p a r t  from s p e c u la t io n  regarding a poss ib le  (but  
u n i d e n t i f i e d )  i n f e c t i v e  agent o f  comparably low v i r u le n c e  or e ls e  calves  
w i t h  high l e v e ls  o f  re s is ta n c e  to  t h a t  agent ,  c e r t a i n  o ther  f a c to r s  must 
be considered as being o f  s ig n i f i c a n c e  in terms o f  the r e l a t i v e l y  mi ld  
r e s p i r a t o r y  syndrome which arose.
Calves which s u f f e r  from severe NCD tend to  be p a r t i c u l a r l y  
s u s c e p t ib le  to  developing a severe form o f  c a l f  pneumonia (Thomas and 
Swann, 1973; Obi,  1979 ) .  On Chapel Farm, th e re  was no s i g n i f i c a n t  
problem from NCD, probably because o f ,  f i r s t ,  the high l e v e l s  o f  c o lo s t ra l  
ant ibody  which were a t t a i n e d  as a r e s u l t  o f  sen s ib le  management o f  
p a r t u r i e n t  cows and, second, the high standard o f  care  and a t t e n t i o n  
which was p ra c t ised  dur ing the f i r s t  few c r i t i c a l  weeks o f  l i f e .  Several  
workers (Parker ,  1965; Thompson, 1966; Bryson and o t h e r s ,  1978a;
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M a r t i n ,  1978b) have emphasised the importance o f  good housing,  and 
p a r t i c u l a r l y  good v e n t i l a t i o n ,  in preventing  ser ious pneumonia inc idents  
or problems in calves and ag a in ,  the c a l f  accommodation a t  Chapel Farm 
was o f  a p a r t i c u l a r l y  high standard d esp i te  the f a c t  t h a t  most o f  t h i s  
was in the form o f  modi f ied byre accommodation. At any stage th e re  was
a conspicuous (and unusual) lack  o f  overcrowding and a ls o  the  mixing o f
d i f f e r e n t  age groups r a r e l y ,  i f  e ve r ,  occurred .  F i n a l l y ,  in t h i s  respect
i t  should be emphasised t h a t  the problem was a ls o  probably kept to  a 
minimum by very prompt re co g n i t io n  o f  danger s ig n a ls  such as coughing 
and e a r l y  mass medication.
The r e l a t i v e l y  m i ld  syndrome which occurred was t e n t a t i v e l y  
i d e n t i f i e d  on sero log ica l  grounds as RS v i ru s  i n f e c t i o n  d e sp i te  the  f a c t  
th a t  i t  did not appear to  be s i m i l a r  on e i t h e r  e p id e m io lo g ic a l ,  c l i n i c a l  
or patho log ica l  grounds to  the  severe RSV pneumonia which has been named 
" p in k e n g r ie p “ (Holzhauer,  1978 ) .  However, as RSV in f e c t i o n  w ithout  
c l i n i c a l  signs o f  pneumonia have a ls o  been described (S t o t t  and o th e r s ,
1978) i t  th e r e fo r e  seems possib le  t h a t  the i n f e c t i o n  in quest ion may g ive
r i s e  to  a wide spectrum o f  pa tho log ica l  change and to  syndromes as yet  
unassociated w i th  RS v i r u s .  Doubts must s t i l l  e x i s t  as to  the agent  
responsib le  f o r  the outbreak and the episode serves to  emphasise the  
d i f f i c u l t i e s  which confront those who are  involved in studying the  
in f e c t io u s  re s p i r a to r y  diseases o f  young c a lv es .  N e v er th e le ss ,  such 
s tud ie s  must continue i f  t h i s  important problem is ever  to  be c o n t r o l l e d  
by r a t io n a l  means.
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APPENDIX 2
T a b l e !  :
Dates o f  b i r t h  and Z . S . T .  v a lu e s  f o r  a l l  c a l v e s .
C a l f
Number
Date of  
Bi r th
Z .S .T .
Val ue
C a l f
Number
Date of  
B i r t h
Z . S .T .
Level
C 1 ca .1 a te
Jun/79
- C 34 - 29 .5
C 2 - 39 .0 C 35 - 22 .0
C 3 - 18 .6 c 36 - 2 5 .6
C 5 - 9 .2 c 37 - 29 .3
C 6 - 6 .5 c 38 c a . 1 3 /9 /7 9 2 9 .6
C 7 - 15 .5 c 39 c a . 1 6 /9 /7 9 -
C 8 - 1 7 .4 c 40 - 32 .7
C 9 - 1 6 .4 c 41 - 17.0
C 10 - 18 .8 c 42 - 2 6 .0
C 13 - 2 3 .8 c 43 - 4 4 .2
C 14 - 29 .5 c 44 - 20.1
C 15 - 2 8 .4 c 45 - 2 .3
C 16 - 16 .3 c 46 - 26 .8
C 17 - 10 .7 c 47 - 21 .2
C 18 - 25 .0 c 48 2 5 / 9 / 7 9 21 .2
C 19 - 10 .7 c 49 2 8 / 9 / 7 9 15.1
C 20 - 25 .0 c 51 2 9 / 9 / 7 9 1 3 .7
C 21 - 2 1 .7 c 52 3 0 /9 /7 9 10.1
C 22 - 2 1 .0 c 53 3 0 / 9 / 7 9 32.2
C 23 - 21 .8 c 54 7 /1 0 /7 9 2 6 .7
C 24 - 17 .7 c 55 7 /1 0 /7 9 2 6 .6
C 25 - 19 .7 c 56 8 /1 0 / 7 9 3 1 .6
C 26 - 26 .0 c 57 1 0 /1 0 /7 9 36.1
C 27 - 1 6 .4 c 58 1 0 /1 0 /7 9 2 8 .8
C 28 - 1 8 .4 c 59 1 0 /1 0 /7 9 2 2 .9
C 29 - 2 2 .2 c 150 1 1 /1 0 /7 9 33 .0
C 30 - 2 5 .4 c 151 1 1 /1 0 /7 9 25.1
C 31 - 21 .0 c 152 1 1 /1 0 /7 9 25.0
C 32 - 22 .8 c 60 1 4 /1 0 /7 9 4 2 .7
C 33 "" 2 3 .6 c 61 1 5 /1 0 /7 9 8 . 7
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Table  1 C o n t ' d .
C a l f
Number
Date o f  
B ir th
Z . S . T .
Val ue
Cal f  
Number
Date o f  
B i r th
Z . S . T .
Level
C 62 19 /1 0 /7 9 32 .7 C 92 8 / 1 / 8 0 3 .4
C 63 22 /1 0 /7 9 21 .3 C 93 8 / 1 / 8 0 23.2
C 64 2 2 /1 0 /7 9 27 .7 C 201 7 / 1 / 8 0 11 .1
C 65 2 2 /1 0 /7 9 23.2 C 202 7 / 1 / 8 0 25.1
C 66 23 /1 0 /7 9 2 7 .7 c 203 7 / 1 / 8 0 35 .9
C 67 2 5 /1 0 /7 9 26.5 c 204 1 5 /1 /8 0 11.0
C 68 2 7 /1 0 /7 9 4.1 c 205 2 3 /1 /8 0 17.1
C 69 3 /1 1 /7 9 2 1 .9 c 206 2 5 /1 /8 0 1 .5
C 70 8 /1 1 /7 9 18.5 c 207 2 7 /1 /8 0 14.2
C 71 8 /1 1 /7 9 26.0 c 209 1 5 /2 /8 0 16.0
C 72 1 8 /1 1 /79 3 8 .6 c 210 1 7 /2 /8 0 2 0 .5
C 73 18 /1 1 /7 9 17 .7 c 211 1 4 /2 /8 0 2 6 .0
C 7k 1 7 /1 1 /7 9 32.1 c 212 1 9 /2 /8 0 2 3 .0
C 75 3 0 /11 /7 9 21.1 c 213 1 9 / 2 / 8 0 15 .9
C 76 3 0 /1 1 /7 9 2 6 .0 c 215 7 / 2 / 8 0 24 .9
C 77 4 / 1 2 / 7 9 19.0 c 216 2 2 /2 /8 0 15.6
C 78 4 / 1 2 / 7 9 31.2 c 217 7 / 3 / 8 0 8 .6
C 79 7 /1 2 /7 9 - c 218 1 5 /3 /8 0 2 5 .8
C 80 18 /1 2 /79 11.1 c 219 3 /4 / 8 0 18 .9
C 81 2 1 /1 2 /7 9 7 .2 c 220 4 / 4 / 8 0 34 .9
C 82 2 6 /1 2 /7 9 19.0 c 221 6 / 4 / 8 0 14 .5
C 83 3 0 /1 2 /7 9 10 .9 c 222 1 2 /4 /8 0 36.0
C 6k 30 /1 2 /7 9 17 .9 c 223 1 3 /4 /8 0 38 .0
C 85 31 /12 /8 0 2 .0 c 224 / 4 / 8 0 19 .0
C 86 3 1 /1 2 /7 9 18 .9 c 225 2 2 /4 /8 0 3 4 .8
C 87 1 /1 /8 0 . 8 .9 c 226 1 / 5 / 8 0 28 .3
C 88 4 / 1 / 8 0 21 .0
C 89 6 / 1 / 8 0 17 .9
C 90 7 /1 /8 0 16 .9 1
C 97 7 /1 / 8 0 4 .0
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T a b l e  2 :
C l i n i c a l  r e c o rd s  on d i a r r h o e i c  c a l v e s
C a l f
Number
Date not iced  to  
be d ia r r h o e ic Other c l i n i c a l  f in d in g s
C23 September 28,  1979 -
C36 September 28,  1979 D ul lness ,  tachypnoea
C^5 October 9 ,  1979 Dul1 ness
November 9,  1979 -
C53 October 9, 1979 -
C66 November 6 ,  1979 -
C7^ November 30,  1979 D u l lness ,  pyrex ia  ( 1 0 3 . 3 ° F ) ,  
mucopurulent nasal discharges
ii
ii
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Tab l  e h :
ZST values a t t a in e d  by calves w i th  en larged j o i n t s .
C a l f  number ZST value
C 6 6 .5  u n i ts
C 8 1 7 .^  u n i ts
C 20 2 5 .0  u n i t s
C 2^ 1 7 .7  u n i ts
C 36 2 5 .6  u n i ts
Mean \B ,k  u n i ts
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APPENDIX 3
T a b le  1 :
ZST values f o r  calves t h a t  were c l i n i c a l l y  111 dur ing  
an outbreak o f  disease due to  S0 d u b l i n .
C a l f  number ZST value
C 2 39.0 u n i ts
C 6 6 .5 un i ts
C 8 17 .4 u n i ts
C 19 10 .7 uni ts
C 20 25.0 un i t s
C 24 17 .7 u n i ts
C 35 22 .0 u n i ts
C 36 2 5 .6 u n i ts
C 38 2 9 .6 uni ts
C 42 2 6 .0 un i ts
C 44 20.1 u n i t s
lean 21 .8 u n i ts
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Table 2;
ZST values f o r  calves t h a t  were present in the c a l f  house during  
an outbreak o f  disease due to  S. dubl In but were a p p aren t ly  h e a l t h y .
Ca l f  number ZST value C a l f  number ZST va lue
c 3 18.6 u n i ts C
CM 16.4 u n i ts
c 5 9.2 uni ts C 28 18.4 u n i ts
c 7 15.5 u n i ts C 29 22.2 u n i ts
c 9 16.if u n i ts C 30 25.4 u n i ts
c 10 18.8 un i ts C 31 21.0 u n i ts
c 13 23.8 u n i ts C 32 22.8 u n i ts
c 14 29.5 u n i ts C 33 23.8 u n i ts
c 15 28.4 uni ts C 34 29.5 u n i ts
c 16 16.3 u n i ts C 37 29.3 uni ts
c 17 10.7 u n i ts C 40 32.7 u n i ts
c 18 25.0 un i t s C 41 17.0 u n i ts
c 21 21.7 u n i ts C 43 44.2 u n i t s
c 22 21.0 u n i ts C 45 2.3 u n i ts
c 23 21.8 u n i ts C 46 26.8 un i ts
c 25 19.7 u n i t s C 47 21.2 u n i ts
c 26 26.0 u n i ts C 48 21.2 u n i ts
MEAN 2 1 .8  u n i ts
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T a b le  3
B a c te r io lo g ic a l  re p o r t  on re c ta l  swabs taken from calves  during  
an outbreak o f  disease due to  S. d u b l In .
Date
Tota l  no. 
o f  calves  
swabbed
No.of  calves  
p o s i t i v e  f o r  
Sal monel1 a
P o s i t i v e  calves
Sep.28, 1979 kk 3 C2,C6 and C2k
Sep.28, 1979 11 1 C2k
O c t . l 7, 1979 26 1 C2k
O c t . 25, 1979 6 0 -
Nov. 6, 1979 3 0 -
Nov. 9, 1979 1 0 -
Nov .1k, 1979 3 0 -
Nov .29, 1979 68 0 -
Nov .30, 1979 3 0 -
Dec. 6, 1979 3 0 -
J a n . l 1 , 1980 9 0 -
J a n . l 5, 1980 10 0 -
F e b .27, 1980 6 0 -
A p r . 10, 1980 9 0 -
A p r . 25, 1980 11 0 -
A p r . 28, 1980 9 0 -
May I , 1980 9 0 -
May 5 , 1980 7 0 -
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APPENDIX k
Table 1
HaemaqqlutInation I n h i b i t i o n Antibody T i t r e s to  PI 3
v i ru s  f o r  20 calves
Cal f Date o f  c o l l e c t i o n  o f  serum samples
Number Sep . to  Nov. 1979 2 0 /1 1 /7 9 2 2 /1 /8 0
C 31 64 16 8
C 34 64 16 8
C 35 64 16 4
C 37 32 4 4
C 42 64 32 8
C 43 < 4 8 <  4
C 44 4 4 < -4
C 45 64 16 8
C 46 32 8 4
C 47 128 32 8
C 48 64 8 4
C 49 64 32 8
C 51 8 8 8
C 52 8 16 4
C 53 64 16 8
C 63 64 32 16
C 64 64 16 8
C 66 64 32 8
C 67 32 16 8
C 68 8 8 4
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T a b le  2 :
Log, i n a c t i v a t i o n  values o f  R .S .V .  an t ib o d ies
f o r  20 c a lv e s .
C a l f
Number
Date o f  c o l l e c t i o n  o f  serum samples
Sep. to  Nov. 1979 2 0 /1 1 /7 9 2 2 /1 /8 0
C 31 2 .2 4 1 .7 5 1 .7 4
C 3 if 4 .3 7 2 .4 7 1 .60
C 35 1 .37 1 .4 7 2 .0 7
C 37 2 .3 7 1 .75 1.71
C 42 1 .9 7 1 .56 2 .09
C 43 1 .77 1 .55 2 .50
C 44 2 .77 1 .92 1 .75
C 45 2 .80 1 .62 4 .0 7
C 46 3 .9 0 2 .2 0 3 .6 8
C 47 3 .60 1 .6 6 2 .72
C 48 2 .6 5 2 .0 0 0 .7 2
C 49 1 .0 4 ' 0 .4 5 0 .8 2
C 51 2.11 1 .0 9 2 .5 9
C 52 1 .63 0 .4 6 1 .2 6
C 53 1 .75 2 .3 5 0.81
C 63 1 .65 2 .1 8 0 .4 7
C 64 2 .95 2 .4 8 1.51
C 66 2 .3 5 1 .8 4 0 .9 8
C 67 1 .56 0 .9 9 2.11
C 68 1.91 0 .8 7 0 .8 5
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APPENDIX 5
Records o f  Deaths
Records of  C a l f  C39 (died on 2 6 / 9 / 7 9 ) .  Age a t  death: 10 days.
Cl In lea l  H is to ry  : One o f  35 to  40 calves  in a c a l f  house. A l l  calves
coughed and became tachypnoeic  a t  about 10-12 days.  C a l f  had high f e v e r .  
I t  was the f i r s t  death in the  year  1979.  C a l f  was t r e a t e d  w i th  
p e n i c i l l i n  and streptomycin f o r  two days p r i o r  to  death.
Post Mortem Findings :
Macroscopic appearance : the re  was excess oedema, and some mucopus in
the major bronchi o f  a l l  lobes.  There were some areas o f  obvious  
pneumonic c o n so l id a t io n  but t h i s  was not severe.  Lung les ions  were not  
considered to  be the cause o f  death .
M icroscopic  appearance: veru l i t t l e  microscopic  changes in lungs a p a r t
from o v e r a l l  oedema and congestion and some areas o f  acute  exudat ive  
pneumonia.
M ic ro b io lo g ic a l  Findings :
B a c te r io lo g y  : Lung P a s te u r e l l a  haemolvt ica  
P a s t e u r e l l a  mul tocida  
Enterobacter  cloacae  
Salmonel1 a dub l in
+ + +
Mycoplasmology : Lung -  negat ive
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Records o f  C a l f  C38 ( k i l l e d  i n  e x t r e m i s  on 2 7 / 9 / 7 9 ) .  Age a t  d e a th :  \k days .
C l i n i c a l  H is to r y  : As f o r  C a l f  C39. C a l f  was pneumonic,
d u l l ,  anorex ic  and moribond when taken from farm.
Post Mortem Findings :
Macroscopic appearance : the lungs were oedematous w i th  small haemorrhages
s c a t te re d  throughout a l l  lobes.  There were several  patches of  ' s o l i d 1 
haemorrhagic c o n so l id a t io n  in the v e n t ra l  par ts  o f  the d iaphragmatic  
lobes .  There were many areas o f  col l a p s e /c o n s o l id a t io n  in the a n t e r i o r
lobes.  There were strands o f  grey c a t a r rh a l  exudate in the  major bronchi
o f  the d iaphragmatic  lobes.
The spleen and l i v e r  were e n la rg e d ,  f i r m  and t o x i c  in 
appearance.  The kidneys were oedematous and conta ined  petech ia l  
haemorrhages.
Microscopic  appearance : the areas o f  pulmonary c o n s o l id a t io n  were due
to  an acute  exudative  pneumonia w i th  much congestion and c o l la p s e .  Most 
o f  the la rg e  airways were plugged w i th  inf lammatory exudate .  Although  
the  remainder o f  the t is su e s  were non-pneumonic th e re  was a l i t t l e  
oedema and congest ion.
The spleen was sev ere ly  congested,  i n f i l t r a t e d  w i th  
n e u t ro p h i ls  and conta ined a few small patches o f  c o a g u la t iv e  n e cro s is .
M ic ro b io lo g ic a l  Findings :
B a c te r io lo g y  : Lung : A lc a l ig e n es  bronch isept icus  (++)
P. haemolyt ica  (++)
Aerococcus v i r id a n s
Salmonel1 a dub l in
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L i v e r  : S. dub l in  
Spleen : S. dub l in
Mycoplasmol ogy : N egat ive .
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APPENDIX 6
Records o f  c a l v e s  bought  f o r  d e t a i l e d  s t u d i e s
Records of  C a l f  C20 ( k i l l e d  on 2 9 / 1 1 / 7 9 ) .  Age a t  death: about 9 weeks.
Cl In tc a l  Hi s to ry  : From the same group as calves  C38 and C39 but c a l f
was not severe ly  a f f e c t e d ,  j u s t  du l l  and tachypnoeic .  Was t r e a t e d  w i th  
t r i b r l s s e n  but c l i n i c a l  recovery  was not f a s t .
Post Mortem Findings :
Macroscopic appearance : the j o i n t s  were g ross ly  enlarged w i th  a l o t  o f
pus and excess f l u i d  p resen t .  The l i v e r  was enlarged and s l i g h t l y  p a le .  
The lungs,  k idney ,  gut and spleen a l l  appeared normal.
Microscopic  appearance : the re  was marked congestion w i th  excess
n e u t r o p h i l i c  i n f i l t r a t i o n  o f  the spleen and l i v e r .  There were e x ten s ive  
haemorrhages in the medulla o f  the kidneys; on ly  a few fo c i  o f  congestion  
was recognised in the co r te x  u s u a l ly  invo lv ing  g lo m e r u l i .  There was a 
marked e o s in o p h i l i c  i n f i l t r a t i o n  o f  the gut w i th  occasional  n e u t r o p h i l s ,  
many lymphocytes and a few plasma c e l l s  s u b e p i t h e l i a l 1y . There was s l i g h t
v i l l u s  hypert rophy.  • The lungs were m ic ro s c o p ic a l ly  normal.
M ic ro b io lo g ic a l  Findings :
B a c ter io lo g y  : Lung : B. cereus.  Aerococcus v i r id a n s  («■)
Jo in ts  : C. pyogenes, Aerococcus v i r id a n s  (+)
Gut : P. haemolyt ica,  FIavobacter ium sp (++)
Spleen,  Kidney,  L iv e r  : N e g a t ive .
Mycoplasmology : Lung, L i v e r  )
) Negative  
J o in t s ,  Gut )
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Records o f  Cal f  C24 ( k i l l e d  on 2 9 / 1 1 / 7 9 ) .  Age a t  d e a th :  abou t  8 weeks.
C l I n l c a l  H is to ry  : From the same group as calves  C38 and C39, but c a l f
was less  severe ly  a f f e c t e d  -  j u s t  du l l  and tachypnoeic .  C a l f  was
•A*
t r e a t e d  w i th  t r i b r i s s e n " ; i t s  re c ta l  swab was p o s i t i v e  fo r  S. dub l in  on 
2 8 / 9 / 7 9 ,  9 /1 0 / 7 9  and 1 7 /1 0 /7 9 .
Post Mortem Findings :
Macroscopic appearance : the j o i n t s  were s l i g h t l y  enlarged and 
contained excess f l u i d .  The l i v e r  was s l i g h t l y  enlarged and p a le ;  the
I spleen was e n larged .  The kidneys were pa le  and conta ined small
j
| haemorrhages.
I
i
1
j M icroscopic  appearance : the  lungs appeared normal.  There was a m i ld
n e u t r o p h i l i c  i n f i l t r a t i o n  o f  the l i v e r .  There was a s i g n i f i c a n t  
n e u t r o p h i l i c  and lymphocytic i n f i l t r a t i o n  o f  the t i s s u e  surrounding the
i
c o l l e c t i n g  tubules o f  the k idney.  The spleen was congested and 
i n f i l t r a t e d  w i th  n e u t r o p h i l s .  The small i n t e s t i n e  appeared normal.
M ic r o b io lo g ic a l  Findings
B a c te r io lo g y  : Spleen
L i ver
I
I Gut
! Lung
j  Kidney,
Mycoplasmology : Lung, L i v e r  )
) Negative  
Gut,  Jo in ts  )
Aerococcus v i r id a n s  (+)
C. pyogenes, Aer.  v i r id a n s  (++) 
A c t in o b a c i11 us l i g n i e r e s i i  (+) 
C. b o v is , N. pharyngis (++)
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Records of Calf C36 (k i l led  on 29 /10 /79) .  Age at death: about 6 weeks.
Cl in i  cal Hi s tory  : From the same group as ca lves  C38 and C3 9 , but was
less  severe ly  a f fe c te d  -  j u s t  d u l l ,  tachypnoeic  and m i l d l y  d i a r r h o e i c .  
C a l f  was t r e a te d  w i th  t r i b r i s s e n  .
Post Mortem Findings :
Macroscopic appearance : the j o i n t s  were grossly  enlarged w i th  a l o t  
o f  pus and excess f l u i d  p resent .  The lungs,  l i v e r ,  sp leen,  kidney and 
gut appeared normal.
M ic roscop ic  appearance : the lungs ,  kidney and spleen appeared normal.  
The spleen was congested and i n f i l t r a t e d  by moderate numbers o f  
n e u t r o p h i l s .  There was moderately  severe v i l l u s  hypert rophy o f  the  
small i n t e s t i n e .
M ic ro b io lo g ic a l  Findings :
B a c te r io lo g y Lung 
Joint  
L ive r  
Gut
Spl een 
Kidney
Corynebacterium sp. (+)
B. c e re u s , C. pyogenes (++)
Micrococcus sp. (+++)
Past ,  h a e m o lv t ic a , P. mul toc ida  (++) 
S tre p ,  b o v is . Aerococcus v i r id a n s  (++) 
Negat iv e .
Mycoplasmology : Lung, l i v e r ,  gut and j o i n t s  : N egat ive .
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Records of Calf C56 (k i l led  on 20/12/79).  Age at death: 2 j  months.
C l i n i c a l  H is to ry  : C a l f  from group of  m i l d ly  tachypnoeic  and coughing
c a lv e s .  A l l  the calves were t re a te d  w i th  p e n i c i l l i n  and s treptomycin .
On 6 /1 2 /7 9  the c a l f  was d u l l ,  tachypnoeic  (60/minute)  and 
had sero-mucopurul ent nasal discharge; i t  was the worst a f f e c t e d  member 
o f  the group. C a l f  was bought o f f  farm on 1 9 /1 2 /7 9 .  I t  was s l i g h t l y  
tachypnoeic (36/m in u t e ) ,  coughed oc c a s io n a l ly  ( p r o d u c t iv e ) ,  had 
mucopurulent nasal discharges and squeaks were heard over r i g h t  c r a n io -  
v en t ra l  aspects o f  the lungs.
Post Mortem Findings :
Macroscopic appearance : th e re  was an e x te n s iv e  pneumonia in the
a n t e r i o r  lobes.  The les ions were s o l i d ,  speckled and w i th  excess amounts 
o f  mucopus in the a irways.  The nasal conchae were congested and 
conta ined much th ic k  mucopus.
Microscopic  appearance : there  was a severe r h i n i t i s  w i th  e p i t h e l i a l
h y p e rp la s ia ,  marked n e u t r o p h i l i c  i n f i l t r a t i o n  and many plasma c e l l s  and 
lymphocytes s u b e p i t h e l i a l 1y . There was a r e l a t i v e l y  m i ld  t r a c h e i t i s
w i th  s l i g h t  e p i t h e l i a l  sloughing,  submucosal gland hypert rophy and 
d i l a t a t i o n .
There appeared to be two types of  pulmonary l e s i o n .  One 
was an acute exudative reac t ion  superimposed on a m i ld  c u f f i n g  type  
l e s i o n .  The other  type o f  l e s io n  was c h a ra c te r is e d  by congest ion and 
oedema o f  the a lv e o l i  w i th  much plugging o f  the small airways by 
inf lammatory exudate.  The bronch io la r  e p i th e l iu m  had a vacuolated  
appearance with  a few small areas of  n ecros is ;  a macrophage type
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a l v e o l i t i s  was associated  w i th  these b ro n c h io le s .  There was good 
germinal  centre  fo rmation  in the bronchial  lymph node w i th  ex tens ive  
n e u t r o p h i l i c  i n f i l t r a t i o n .
M ic r o b io lo g ic a l  Findings :
B a c te r io lo g y  : Lung : F lavobacter ium s p .  (++ )
Aerococcus v i r id a n s  (++)
Trachea : F lavobacter ium sp. (++)
Nasal conchae : F lavobacter ium sp. (++)
P a s t e u r e l l a  haemolyt ica (++)
Mycoplasmology : Lung, t ra c h ea ,  nasal conchae : N e ga t ive .
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Records o f  C a l f  C59 ( k i l l e d  on 2 0 / 1 2 / 7 9 ) .  Age a t  d e a th :  months .
Cl in lea l  Hi story  : From same group as C56 but c a l f  was c l i n i c a l l y
normal.
Post Mortem Findings
Macroscopic appearance : the lungs appeared normal except f o r  a few
patches o f  co l lapse in l e f t  c a rd ia c  lobe .  There appeared to  be no 
excess secre t ions  in any airways and the upper r e s p i r a t o r y  t r a c t  
appeared normal.  The l i v e r  was s l i g h t l y  p a le .
M ic roscop ic  appearance : th e re  were several  small fo c i  o f  a n e u t r o p h i l i c
inf lammatory react ion  in the nasal conchae; th e re  was a s l i g h t  increase  
in the number of  lymphocytes and plasma c e l l s  s u b e p i t h e l i a l l y  w i th  
occasional  lymphocytic aggregates p e n e t ra t in g  and d i s t o r t i n g  the  
e p i t h e l  ium. There was a r e l a t i v e l y  m i ld  t r a c h e i t i s  w i th  s l i g h t  
e p i t h e l i a l  hyperp las ia ,  submucosal gland hypert rophy and d i l a t a t i o n .
The n e u t r o p h i l i c  i n f i l t r a t i o n  was m i ld  although plasma c e l l s  and lymphocytes 
were abundant in the  lamina p r o p r ia .  There was a m i ld  b r o n c h i t i s  and 
foca l  b r o n c h i o l i t i s .  There were a few lobules  o f  and some areas  
c h a ra c te r is e d  by congestion,  e p i t h e l i a l  c e l l  hypertrophy and m i ld  
mononuclear ce l l  i n f i l t r a t i o n  o f  the a l v e o l i .  There  was a m i ld  degree  
o f  p e r ib ro n c h io la r  lymphocytic accumulation.  There was poor germinal  
c e n t re  formation in the bronchial  lymph node w i th  much n e u t r o p h i l i c  
i n f i l t r a t i o n .
M ic r o b io lo g ic a l  Findings :
B a c te r io lo g y  : Lung : Aerococcus v i r id a n s  (++)
Trachea : Aerococcus v i r id a n s  (+)
B a c i l lu s  len tus  (+)
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Nasal conchae : A c in e to b ac te r  sp.
Mycoplasmology : Trachea : M. b o v i r r h i n i s
Lung, nasal conchae : N e g a t iv e .
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